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Summary Abstract 
Several feed efficiency values have recently been proposed including: feed conversion 
ratio in terms of feed:gain (FCR), residual feed intake (RFI), and residual BW gain (RG), and 
residual intake and BW gain (RIG). These all have production efficiency potential since they 
include feed intake inputs and production outputs. The objective of this dissertation was to 
investigate: 1) maternal, paternal, and crossbreeding effects on feed efficiency, 2) how 
measures of feed efficiency affect one another, 3) heritability estimates, 4) genetic and 
phenotypic relationships of performance, carcass, economic, and feed efficiency traits and 5) 
the relationship of economic factors and prediction of these factors utilizing performance, 
carcass, and feed efficiency characteristics. Steers were all early weaned (78 ± 24 d)and 
managed similarly prior to weaning and in the feedlot. Steers were all of known Simmental 
(SM), Angus (AN), and SM x AN genetics. Steers were pen-fed and individual DMIs were 
recorded using the GrowSafe® automated feeding system (GrowSafe® Systems Ltd., Airdrie, 
Alberta, Canada). Two experiments (1: n = 612) (2: n = 158) were conducted to analyze 
maternal effects and crossbreeding on subsequent steers. Maternal effect was classified by 
dam breed into four categories: 1) 100% AN (AN), 2) 75% AN (75AN), 3) 50% AN (50AN), and 4) 
75% or greater SM (SM). Results from experiment 1 showed that ADG was 0.08 kg higher (P < 
0.05) for progeny of SM compared to AN dams. Dry matter intake and consequently RFI were 
improved (P < 0.05) for 75AN and 50AN compared to AN and SM dams. Residual BW gain was 
improved in (P < 0.05) progeny of SM dams when compared to AN dams. In conclusion, dams of 
varying AN breed composition produced offspring that performed differently with progeny 
from 75AN dams excelling in the feedlot. Next, Purebred AN and SM sires and dams were 
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utilized. Progeny of SM dams had a more desirable RFI (P < 0.05). An improved HCW, backfat, 
LM area, and consequently yield grade was shown by progeny of SM dams (P < 0.05); however, 
marbling score was 80 units higher for progeny of AN dams (P < 0.05). The only sire by dam 
breed interaction was for marbling score (P = 0.05). Overall, maternal breed effects on 
performance, feed efficiency measures, and carcass traits of resulting progeny appear to be 
important. All feed efficiency traits investigated were favorably correlated both genetically and 
phenotypically to one another. Feed conversion ratio was genetically correlated to RG and RIG 
at -0.97 and -0.95, respectively. Feed conversion ratio is highly correlated with growth traits 
therefore an increase in weight led to a more desirable FCR. While a phenotypic increase wasn’t 
significant, a genetic increase in carcass value was associated with a more desirable FCR.  A 
similar effect was shown when utilizing RG since it is very similar to FCR. While RFI does a good 
job at reducing intake, but it is genetically correlated to HCW at 0.34 having the genetic 
potential to also reduce weight. Residual intake and BW gain combined the advantageous 
performance aspects of reduced DMI like RFI and increased ADG like RG. It is also moderately 
heritable at 0.22 ± 0.10 like its component traits. Economic characteristics are favorable toward 
RIG; however, it was associated with a slightly lower marbling score in this study.  All feed 
efficiency values were correlated (P < 0.05) favorably with profit per steer. Carcass value was 
correlated (P < 0.05) with RG and RIG and a ten percent improvement in RIG yielded $22.55 
increase in value. The model for carcass value explained 96% of the variation among carcasses 
and included HCW, marbling score, and yield grade. Average daily gain, marbling score, yield 
grade, DMI, HCW and year born constituted all 81% of the variation in the prediction of profit. 
Variation in cost of gain was mainly explained by ADG and DMI. Next, prediction equations 
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were developed that excluded ADG and DMI and included feed efficiency values. Cost of gain 
was explained primarily by FCR (r2 = 0.71). Seventy-three percent of profitability was explained 
by the calculated prediction equation; RG and marbling made up 54% of this total explained 
variation. These models represent the relative importance of factors contributing to economic 
success in feedlot cattle based on current prices. In summary, feedlot feed efficiency was 
affected by breed composition and related to important performance, carcass, and economic 
characteristics of feedlot cattle. Selection for feed efficiency traits will be an important tool for 
lowering input costs and can lead to an increase in profitability; however, desirable 
performance and carcass traits are the larger determinates in profitability.
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Chapter 1 
Literature Review 
 
Introduction 
As with all successful industries, the beef industry has strived to increase profitability for 
its producers. The majority of production enterprises in the beef industry have increased 
economic viability by focusing on improving relevant outputs like growth, carcass quality, and 
reproductive efficiency. Input costs are generally not the focus of improving the profitability of 
the beef production system. However, it’s important to recognize that profitability is a function 
of both inputs and outputs. When considering inputs, input feed costs represent the greatest 
operating cost for beef producers and is the critical factor in determining profitability (Miller et 
al., 2001).  If feed consumption can be decreased, without affecting animal production, then 
cost of production can be reduced. This is exceptionally important now as traditional feed 
stuffs, like corn, are soaring to all time record highs. This makes it more critical than ever to 
improve feed efficiency. In fact, Iowa State University animal scientist Dorian Garrick, PhD 
stated at the 2011 Beef Improvement Federation conference that a one-percent improvement 
in beef cattle feed efficiency could return as much as $700 million annually to U.S. producers 
(Maday, 2011).  
Despite these economic advantages, selection of animals based on feed efficiency in 
order to reduce feed costs has not been utilized in today’s beef industry.  As a result, the beef 
industry is behind both the poultry and swine industries when it comes to reducing input feed 
costs and improving feed efficiency. This is due to the fact that feed consumption is much 
harder to quantify in the beef industry because of the difficulty of measuring the feed 
consumption of grazing animals. Also when in a typical pen/bunk feeding situation, individual 
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intakes of animals cannot be measured. Grazing costs include the capital costs of land, cost of 
pasture improvement, fertilizer, irrigation, supplementary feeds, and operating and capital 
costs of machinery and labor used in feeding. Realizing that feed input costs have a major 
influence on profitability, industry professionals need to focus on the improvement of output of 
beef per unit of feed used over the whole production system. In order to document 
improvements of feed efficiency, the University of Illinois has conducted feed efficiency 
research with the goal of feeding cattle efficiently within environmental and economic 
constraints. Production efficiency lies in providing the essential nutrients for maintenance while 
maximizing performance with minimal feed inputs. 
Intake Regulation 
Cattle feed intake, known as dry matter intake (DMI), is an important component of 
feed efficiency. Energy concentration of the diet is highly related to feed intake because as the 
diet becomes lower in energy, generally more fibrous, intake increases to meet energy 
demands. Intake decreases when the diet is more energy dense and the animal’s requirements 
can be met with less intake. With forage diets, consumption of less digestible, low energy 
(often high fiber) diets is regulated by physical factors such as rumen fill and digesta passage; 
whereas, consumption of highly digestible, high-energy, (low-fiber, high concentrate diets) is 
controlled by the animal’s energy demands and by metabolic factors (NRC, 1996). This concept 
generally holds true except when we have extremely high quality forage which is energy dense 
and rapidly fermented much like a high concentrate diet. This concept was challenged when 
Ketelaars and Tolkamp (1992) evaluated the relationship between voluntary intake and 
digestibility of 831 roughages.  Roughages ranged from 30 to 84 percent organic matter 
digestibility and results revealed that as organic matter intake increased so did digestibility. 
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Based on the previous concept, where intake is regulated by energy demands, one would 
expect intake to plateau with an increase in organic matter digestibility.  This discrepancy led to 
the hypothesis that ruminants don’t eat as much as they can, they eat to optimize oxygen 
consumption (Ketelaars and Tolkamp, 1992). The hypothesis was proven when applied to 
prediction equations which accurately predicted intakes in sheep (Ketelaars and Tolkamp, 
1992). While intake isn’t fully understood, Mertens (1994) did a thorough review of intake 
regulation theories and comparisons of intake predictors.  Prediction of intake appears to be 
accurate within forages and is linearly related to forage quality, but is not related to the 
animal’s nutrient requirements.  On high concentrate diets, intake is clearly related to the 
animal’s energy need. Measures of efficiency may then be different depending on the type of 
diet (forage vs. grain) and prediction equations may then need to account for this difference. 
One could hypothesize that efficiency of the animal, regardless of type of diet received, is 
probably correlated since some factors including metabolic factors influencing efficiency are 
common for both high grain and high forge diets, but there are differences, because  the 
mechanisms of intake are quite different for these two types of diets.  One might expect that 
the genetic control of intake for the two types of diets might also be different. 
Intake is additionally influenced by physiological factors including body composition, 
age, gestation, lactation, and size (weight and (or) frame size) (NRC, 1996).  Environmental 
factors also have an effect. Temperature, humidity, wind, precipitation, mud, and season cause 
fluctuations in feed intake (NRC, 1996).  Management factors can also play a large role. These 
include forage availability, forage processing, offering additional feed additives (i.e. monensin), 
presence of nutrient deficiencies (particularly protein), and ensiling process of forages (NRC, 
4 
 
1996).  These factors should be controlled in order to accurately evaluate animals for efficiency.  
The NRC (1996) developed intake prediction equations that account for these variables and 
prove to be accurate for groups of cattle at similar physiological states. These predictions, 
however, may not be as accurate for individual animals which was shown by Adcock et al. 
(2011). When the NRC (1996) prediction model for individual animal intake was utilized, the 
prediction was poorly correlated (0.14) with actual individual intake. When using the NRC 
(1996) model to predict the intake of the group of cattle at each time period, predictions are 
correlated well at 0.53.  This clearly illustrates that the NRC (1996) model is effective in 
predicting intake for groups of cattle, but it is less effective for individual cattle.  In both cases, 
the NRC (1966) model under predicted the intake of the cows. This is probably due to the type 
of diet consumed since the forage was chopped and ensiled thus rapidly fermented and 
digested. In conclusion, intake is influenced by a variety of factors which have the ability to 
reduce the accuracy of feed efficiency measures.  
Measures of Feed Efficiency 
Finding an accurate measure of feed efficiency which can be used in beef production 
systems in a cost effective and favorable manner is a challenge. Byerly (1941) was one of the 
first to acknowledge that individuals of the same body weight have vastly different feed 
requirements for the same amount of production.  Many biological factors are shown to have 
an effect on the variation that exists in beef cattle feed efficiency. Richardson and Herd (2004) 
listed and gave the amount of variation explained by the different factors. They showed that 
intake represented (2%), digestion (10%), body composition (5%), animal metabolism and 
protein turnover (37%), activity (10%), thermoregulation (9%), and a multitude of other factors 
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representing the remaining (27%) of the variation in feed efficiency. While measuring feed 
efficiency can be challenging, there are several measures available to utilize. 
In order to minimize feed input costs, an efficient balance between minimal inputs with 
maximal outputs needs to be obtained. Selection for reduction of feed intake alone provides 
little to no understanding of improvement in the feed efficiency of the production system. This 
is because DMI is correlated with output traits like average daily gain (ADG) and feed 
conversion ratio (FCR) with r values of 0.61 and -0.60, respectively (Carstons and Tedeschi, 
2006). Also production system efficiency depends on feed intake inputs and production outputs 
not just inputs alone. A number of measurements exist that provide a feed efficiency value. 
However, when considering which of these values to utilize during selection, it is important to 
use the appropriate measurement for the specific production system. Some measurements of 
feed efficiency include: gross efficiency, maintenance efficiency, partial efficiency of growth 
(PEG), residual average daily gain (RADG), and residual feed intake (RFI).  
Gross efficiency implies a ratio of inputs to outputs and is typically defined as a feed 
conversion ratio (FCR) expressed as either feed to gain (F: G) or gain to feed (G: F). FCR is useful 
when evaluating environmental production effects on efficiency such as feed quality, facilities, 
and management. While FCR is moderately heritable (0.31 to 0.37), it has limited value when 
used as a genetic selection tool to improve feed efficiency (Schenkel et al., 2004; Archer et al., 
1999). This is due to the fact that FCR is significantly correlated with growth traits (Schenkel et 
al., 2004) meaning selecting for improvement in efficiency with FCR results in increased genetic 
merit for growth and mature size of breeding females (Herd and Bishop, 2000). Brelin and 
Brannang (1982) also showed strong correlations (-0.61 to -0.95) between an animal’s growth 
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rate and the feed conversion ratio. Selection based on ratio traits like FCR can result in 
divergent and unpredictable genetic responses of the component traits if the genetic variances 
of the component traits are different (Crews, 2005). For example, Bishop et al. (1991) found 
that feed intake was not reduced, but that ADG was higher in progeny from Angus sires 
selected for low compared to high FCR.  In conclusion, as a selection tool FCR has the potential 
to result in increased growth rate in young cattle. In the feedlot, this could mean production of 
faster growing, later maturing animals that have less DOF to reach a common weight; however, 
it could also result in substantial increase in the feed intake of the cow herd resulting in 
negative impacts on the overall production system efficiency. Except for when cattle are being 
produced to perform in the feedlot or as terminal sires, selection of FCR doesn’t provide any 
advantage in terms of whole beef system production.  
Maintenance efficiency can be defined as the feed energy required for zero body weight 
change or zero body energy change after allowing for different energy densities of body 
components (Ferrell and Jenkins, 1985). Maintenance energy (ME) can then be defined as the 
ratio of body weight to feed intake at zero body weight change (Archer et al., 1999). Processes 
or functions comprising ME requirements include body temperature regulation, essential 
metabolic processes, and physical activity.  It doesn’t necessarily equate to maintenance of 
body fat, body protein, or body weight. Maintenance efficiency proves to be important 
representing 60-75 % of the total ME requirements of mature, breeding cows (Ferrell and 
Jenkins, 1985; Montaño-Bermudez, 1990). When analyzing growing cattle ME, even at 
maximum intake, total ME intake is rarely less than 0.40 (NRC, 1996). Knowledge and 
understanding of ME requirements can be utilized in order to increase the efficiency of the beef 
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production system; however, there are practical difficulties with this measurement. Estimates 
of feed required for maintenance of mature animals at a constant weight requires long term 
feeding trials with large numbers of cattle, and this procedure cannot be applied to all animals. 
Animals experiencing changes in body composition and composition of weight change during 
pregnancy or lactation are more difficult to evaluate for maintenance efficiency. The difficulty is 
because maintenance efficiency is obtained from calorimetric methods. Fasting heat production 
(FHP) measured by calorimetry plus urinary energy lost during the same period provide 
measures of fasting metabolism. Fasting metabolism by definition, equates to net energy 
required for maintenance. Once the net energy required for maintenance is obtained then 
additional corrections are made for physical activity, breed, sex, proportional contribution of 
milk to the diet, energy intake, grazing activity, and cold stress. These are all factors that affect 
fasting metabolism in a practical setting. This is a complex and costly measurement, and as a 
result can only be effectively applied to a limited number of cattle (NRC, 1996).   
Partial efficiency of growth (PEG) is the ratio of ADG per unit of feed used for growth 
after the expected requirements for maintenance have been subtracted. The unit of feed used 
for growth is defined as the actual intake minus predicted feed for maintenance which is 
predicted using the NRC prediction equations. This is one problem when utilizing PEG; 
predictions are made based on average feeding standards. Therefore, PEG doesn’t account for 
individual animal variation in intake since energy for maintenance is derived from a population 
of animals not the individual animal. The problem can be eliminated through direct 
measurement of maintenance requirements but this is complex and costly. It is important to 
note that it is a better selection tool than FCR having lower genetic and phenotypic correlations 
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to ADG (Nkrumah et al., 2004) allowing it to be better utilized without altering maturity 
patterns of cattle.  
Recently the American Angus Association has introduced the measure of residual 
average daily gain (RADG). The American Angus Association (AAA) developed this genetic 
selection tool and created an expected progeny difference (EPD) for RADG. The AAA states that 
the quickest way, other than doing a feed test, to find out the RADG is to use a comprehensive 
genetic evaluation including a vast array of genetic evaluations for several trait markers. Some 
of these traits include weaning weight, post weaning gain, subcutaneous fat thickness, calf DMI, 
and DMI genomic values (AAA, 2010).  These genetic values are coupled with animal ADG and 
fat which are the predictors of an animal’s RADG potential.  A regression equation is used to 
determine the animals predicted ADG which is subtracted from the actual ADG resulting in 
RADG (AAA, 2010).  When analyzing the RADG data, it is important to realize that, a positive or 
high value is desired because greater gain is achieved (Iowa Beef Center, 2010). RADG is 
moderately heritable (0.31 to 0.41) so it can be effective in improving efficiency of feedlot 
cattle.  RADG and FCR both work well for feedlot animals, but they are problematic for cow-calf 
producers because selection for these measures yield bigger, heavier cows with higher nutrient 
requirements. In fact, the AAA states that “RADG is not a cow efficiency tool” (AAA, 2010). 
Adcock et al. (2011) showed a significant positive correlation of RADG with cow size indicating 
that selecting for RADG will increase cow size.   
Residual feed intake (RFI) is a measure of efficiency that has recently received more 
attention in the industry. Koch et al. (1963) first proposed the idea of RFI indicating that 
differences in both body weight maintained and body weight gained affected feed 
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requirements. Koch and co-workers explained that feed intake could be partitioned into two 
segments: 1) predicted or expected dry matter intake and 2) a residual portion. The animal’s 
expected or predicted intake is found by using feeding standards (NRC, 1996) or formulating a 
regression equation using the animal’s actual data from a feeding period (Arthur et al., 2001). 
This regression equation is described by Robinson and Oddy (2004) as a phenotypic calculation 
represented as the residual error term when fitting the equation: Intake = μ + βw XW + βg Xg + 
error.  Where intake is daily dry matter intake, μ is a constant; XW represents mean metabolic 
weight (BW0.75) of the animal for the feed intake test period; and Xg is live weight gain of the 
animal over the feed intake test period. The residual portion would represent the deviation of 
the individual animal’s actual feed intake from the predicted intake of the individual animal. 
This means that animals with lower RFI values (negative) are more desirable and efficient than 
those with higher RFI values (positive). 
Phenotypic regression calculation of RFI has been criticized by authors like Kennedy et 
al. (1993) who reported that although RFI has been proven to be independent of production, 
the resulting phenotypic measure of efficiency is not necessarily genetically independent of 
production.  In order to account for this genetic variation, Kennedy et al. (1993) suggested use 
of genotypic RFI which is calculated using genetic co-variances rather than the phenotypic co-
variances. It was reported that phenotypic (RFIp) and genotypic (RFIg) RFI were 0.98 and 0.85, 
respectively for the high RFI group and -0.95 and -1.08, respectively for the low RFI group 
(Nkrumah et al., 2007). Both the genetic (r = 0.92) and phenotypic (r = 0.97) correlations of RFIp 
and RFIg are greater than 0.90 indicating that the two are similar. These correlations imply that 
approximately 15% of the variation in RFIp wasn’t captured by the genetic regression which 
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could be due to genetic background or environmental differences. In concurrence, Hoque et al. 
(2006) reported the genetic and phenotypic correlations of Japanese black cattle to be 0.97 and 
0.98 between RFIp and RFIg, respectively.  
 RFI is a particularly useful feed efficiency selection tool because it is generally 
independent of all growth or output traits, and unlike other feed efficiency measures, it is not 
correlated to any phenotypic trait that is used in its estimations (Basarab et al., 2003). Research 
shows that like FCR, RFI is moderately heritable (0.28 to 0.58) across a multitude of breeds of 
beef cattle (Herd and Bishop, 2000; Arthur et al., 2001; Robinson and Oddy, 2004; Nkrumah et 
al., 2007). Specifically, heritability estimates for DMI, F:G, PEG, phenotypic RFI (RFIp), and 
genotypic (RFIg) were 0.54, 0.41, 0.56, 0.21, and 0.42, respectively (Nkrumah et al., 2007). This 
compares to Arthur et al. (2001) with the exception of the RFIp which was higher at 0.39.  These 
estimates obtained from various studies imply that selection for RFI has the potential to result 
in genetic change comparable to other moderately heritable traits in beef cattle (Crews, 2005). 
 These studies (Herd and Bishop, 2000; Arthur et al., 2001; Robinson and Oddy, 2004; 
Nkrumah et al., 2007) showed that RFI is correlated to the animals FCR (0.45 – 0.85) and as a 
result, selection for RFI will also result in an improvement in FCR. Nkrumah et al. (2007) 
reported favorable genetic (r = 0.28) and phenotypic (r = 0.30) correlations (P<0.001) of both 
RFIp and RFIg with DMI and FCR. However, unlike the FCR, RFI can be selected independently of  
animal growth.  Correlations to animal growth traits have been shown close to zero in these 
studies comparing RFI to ADG and also metabolic weight.  More closely, Nkrumah et al. (2007) 
showed that phenotypically, RFIp wasn’t related to ADG, metabolic BW, or slaughter weight 
and there were no differences (P > 0.01) among different RFIp groups in LS means for ADG, 
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metabolic BW, final BW, or slaughter weight. However, they showed a tendency for RFIp to be 
genetically correlated with ADG (r = 0.46 ± 0.45) and metabolic BW (r = 0.27 ± 0.33) but this 
should be interpreted carefully as standard errors were high for both values.  Genetically, RFIg 
was independent of BW and ADG but showed a weak phenotypic correlation with ADG (r = -
0.21; P < 0.05).  RFI is correlated with DMI (0.43 – 0.73), and Nkrumah et al. (2007) showed low 
RFIp cattle consumed 1.90 kg DM/d (P < 0.001) less feed than the high RFIp cattle. Generally, 
phenotypic and genetic correlations of RFI with carcass merit were not different than zero, 
except the genetic correlations of RFI with ultrasound and carcass LM area and carcass lean 
yield and phenotypic correlations of RFI with backfat thickness (P < 0.01) (Nkrumah et al., 
2007). Herd and Bishop (2000) reported significant genotypic and phenotypic correlations 
between RFI and carcass lean percentage (r = -0.43 ± 0.23). Richardson et al. (2001) showed 
that a single generation of selection against RFI was accompanied by a small ~5% reduction in 
body fat content. Schenkel et al. (2004) concluded that there were positive phenotypic and 
genetic correlations (r = 0.17, 0.16) between phenotypic RFIp and backfat thickness, but there 
were no correlations between RFIp with intramuscular fat. In conclusion, there is a potential for 
small (5±2%) reductions in carcass fatness and rate of gain in subcutaneous fat coupled with a 
slight improvement in lean meat yield and consequently yield grade following the selection 
against RFI. However, it’s important to note that no differences in marbling score between RFI 
groups have been shown due to selection against RFI (Schenkle et al., 2004; Nkrumah et al., 
2007). The variation seen among different RFI in carcass merit and body composition can’t be 
only attributed RFI differences in these animals. Other sources of variation exist which will be 
discussed further in subsequent sections. 
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Challenges of implementing RFI 
The major roadblock to implementing an intake and feed efficiency test for the beef 
cattle industry was the development of equipment to measure individual animal intake. 
Recently, equipment by Growsafe® has been developed to measure individual intake, but high 
purchase and operating costs are associated with this equipment. This equipment does not 
measure individual feed intake for animals that are grazing making cow intake more difficult to 
measure (Arthur and Herd, 2008). The testing phase for RFI requires measuring DMI and growth 
over a period of time. Optimal feeding durations for the RFI characterization have been 
estimated to range between 63 to 84 d depending on the number of days between body 
weights (Archer et al., 1997: Archer and Bergh, 2000; Wang et al., 2006). Repeated 
measurements of weights every two weeks will reduce measurement error when estimating 
gain and mean metabolic weight, as suggested by Koch et al. (1963). Mean metabolic weight 
can be measured with high accuracy over the same period because the errors in each individual 
weight measurement are averaged out by taking the mean of several weight measurements 
(i.e. weekly). However, unless measured over a relatively long interval of time, accuracy of 
weight gain may be low. Extension of feeding duration can alleviate this problem and cattle can 
be double weighed on and off trial to reduce BW measurement error. One of the most 
important things of this testing phase is to control as many factors as possible such as; age, sex, 
diet composition, and testing procedures (Arthur and Herd, 2008). The expense of the 
equipment and testing phase is the major limitation in successfully implementing RFI into all 
facets of beef cattle industry. 
In order to avoid high equipment costs, research efforts have been focused around 
developing a way to select for RFI without having to measure intake on the individual animal. 
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One theory was to select for desirable RFI values with a physiological marker, insulin-like 
growth factor-I (IGF-1). IGF-1 is a hormone that regulates growth and cellular metabolism and 
has been negatively associated with improved feed efficiency (Bishop et al., 1989; Stick et al. 
1998). Moore et al. (2005) showed that decreased IGF-1 concentrations were genetically 
associated with improved efficiency (r = 0.6) and had moderate heritability of 0.4. The genetic 
correlation of IGF-1 to RFI was 0.57 which indicated that many of the genes responsible for 
greater concentrations of IGF-1 in the blood were also associated with greater RFI (Moore et al., 
2005). Davis and Simmen (2006) showed that IGF-1 was significantly genetically correlated with 
weaning and post-weaning BW at 0.07±0.12 and 0.32±0.11, respectively. Averaged across the 
various measures of IGF-1, the genetic correlation of IGF-1 with preweaning gain was 0.14 and 
with postweaning gain was 0.29. Environmental and phenotypic correlations of IGF-1 with body 
weight and gain were generally small and positive. This indicates that IGF-1 could provide a 
biological indicator of RFI. However, Lancaster et al. (2008) found conflicting results indicating 
minimal to no correlation of IGF-1 to RFI. In conclusion, the IGF-1 to RFI relationship has been 
hard to quantify and will require more research. If the relationship is proven to be true, then an 
accurate EBV from IGF-1 measures alone could be developed. Until the correlation is 
consistently proven, the correlation between IGF-1 and RFI will not be utilized to predict RFI in 
cattle. 
Physiological Basis for RFI 
When considering the biological reasoning for variation in feed efficiency, Herd et al. 
(2004) attributed it to five distinct processes: 1) Feed intake, 2) digestion of feed (associated 
energy costs), 3) metabolism, 4) activity, and 5) thermoregulation. In all of these processes, the 
role of energy partitioning remains important throughout. 
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Energy Partitioning 
 Feed consumed by the animal is partitioned into two parts: 1) energy for maintenance 
and 2) energy for production. This creates a homeostatic balance between basic physiological 
demands and animal growth and performance. There is a realization that some basic 
requirements take precedence in order to maintain life processes in the form of organ function 
and basic metabolism before animal growth and performance can occur. This has lead to the 
partitioning of energy into two parts net energy for maintenance (NEm) and net energy for gain 
(NEg). Both NEm and NEg are factors that contribute to variation expressed in feed efficiency of 
animals. Individual animal maintenance requirements help provide greater understanding of 
the source of phenotypic and genetic variation in efficiency (Archer et al., 1999). Maintenance 
requirements include energy needed for basal metabolism, voluntary body activity, and body 
temperature regulation (Korver, 1988). This includes meeting energy needs for protein and fat 
synthesis and turnover, ion transport across cell walls, thermogenesis, and vital organ and 
nervous function (Thompson et al. 1983). Animals within the beef production system tend to 
vary greatly in terms of maintenance requirements. This causes it to become a major factor 
explaining variation in feed efficiency from animal to animal.  
Feed intake 
Feed intake is associated with the variation in maintenance requirements of ruminant 
animals. As the amount of feed consumed rises, the energy expenditure required to digest the 
feed increases. It has been demonstrated that increased DMI in cattle is generally accompanied 
by significant increases in the size of visceral organs (Ferrell and Jenkins, 1998). Smith and 
Balwin (1974) indicated that the liver, heart, mammary tissue, and organs of the 
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gastrointestinal tract tend to be of the more metabolically active tissues. Therefore, if organ 
size increases so will the energy required to allow them to function. This increase in energy 
expended within the tissues themselves is known as the heat increment of feeding (HIF). HIF in 
ruminants has been determined to contribute to approximately 9% of ME intake (Standing 
Committee on Agriculture, 2000).   
The differences in visceral organ size cause daily heat production (HP) to increase 
relative to the total amount of oxygen consumption by the visceral organs. Total oxygen 
consumption attributed to these tissues ranges from 35-60% in ruminants (Seal and Reynolds, 
1993) with 20% accounted for by the gastrointestinal tract alone (Cant et al., 1996). According 
to Reynolds (2002), changes in visceral organ size can account for 40-50% of the daily HP. A 
strong linear relationship between protein synthesis and HP has been established (Webster, 
1980). Consistently, the greatest proportion of protein synthesis and associated HP takes place 
in visceral tissues like the liver and gastrointestinal tract. Results suggest that fasting heat 
production, highly related (r = 0.73) to the metabolizable energy of maintenance, could be used 
as an indicator of feed maintenance requirements (Shuey et al., 1993). Similar results have 
been found by Herd and Arthur (2009), Webster et al. (1975), and Standing Committee on 
Agriculture (2000) denoting variation in intake to maintenance requirements in ruminant 
animals. 
Selection of low RFI animals reduces DMI. This means low RFI animals have the potential 
to eat less while maintaining similar performance and having smaller organ size. Thus, the HIF 
would also be decreased in these animals. Nkrumah et al. (2006) showed that this is the case as 
the high RFI steers had a significantly 2 kg higher DMI and 34.65 kcal/kg of BW0.75  higher heat 
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production; however, the HIF was only numerically 17.52 kcal/kcal of ME higher when 
compared to the low RFI steers. In agreement, Basarab et al. (2003), showed a greater heat 
production from high-RFI animals compared with low-RFI animals and also indicated 
significantly greater visceral organ weights in high RFI steers. However, when Richardson et al. 
(2001) compared divergently selected RFI cattle, they found that the weight of the gastro-
intestinal tract and internal organs were not correlated to the genetic variation in RFI. They 
concluded that body composition changes were not as influential as the metabolic changes 
which occur in these animals.  
Duration of the meal and rate of intake are also components of intake which affect feed 
efficiency. This makes them factors to consider when determining economic profitability of 
cattle (Adam et al., 1984). Selection of animals on RFI could have a substantial impact in 
improving these components. Richardson (2003) showed that high RFI cattle exhibited a trend 
for an increase in number of meals compared to low RFI cattle.  Robinson and Oddy (2004) also 
showed that high RFI cattle had an increase in meal numbers and meal duration and that these 
are moderately heritable traits in cattle. In conjunction, RFI was proven to be positively 
correlated with feeding behavior traits. High RFI cattle have a longer duration of feeding per 
day, more eating sessions per day, and faster rates of eating (g/min). Feeding time and number 
of eating sessions had positive genetic correlations with RFI, indicating that effects of some 
genes which control feeding behavior are common with RFI. 
Digestion 
When the consumption of feed relative to maintenance increases, the digestion of feed 
tends to decrease due to increased rumen fill and passage rate in the rumen. Short term 
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regulation of cessation of eating, occurs via physical and chemical receptors in the rumen and 
chemical receptors in the liver. Osmotic and chemical receptor systems regulate the flow of 
digesta through the GI tract. Physical receptors in the anterior dorsal sac of the rumen may also 
primarily regulate rumination relative to ingestion. Beyond these physical and chemical 
regulators of digestion, genetic variation in total tract digestion also exists. Herd et al. (1993) 
conducted a study with ewes from two separate genetic lines: one of which was selected for 
high weaning weights and the other for low weaning weight. Ewe data revealed a two percent 
difference in the organic matter digestibility between the two lines in favor of the high weaning 
ewes. High weaning weight rams from the same selection lines as the ewes had a four percent 
increase in digestibility compared to that of the low weaning weight rams.  Relation of RFI to 
digestibility in low and high RFI bulls and heifers has been investigated. Richardson et al. (1996) 
used phenotypically low and high RFI bulls and heifers and revealed a 1% difference in DM 
digestibility between the two when fed a high forage pelleted ration that had a calculated DM 
digestibility of 68%. This seemly small difference accounted for 14% of the variation in intake 
which equates to a 2.3% reduction in feed required. Digestibility was correlated with RFI at r = -
0.44 with the direction of the correlation indicating a lower RFI was associated with greater 
digestibility (Richardson and Herd, 2004). In contrast, Cruz et al. (2010) showed no differences 
in DM digestibility (P>0.34) between high and low RFI groups; however, only 10% of the diet 
was composed of forage and lignin was the marker used to measure digestibility. Van Soest et 
al. (1991) would suggest that this marker would not be appropriate for a high concentrate diet 
due to the limitation of incomplete marker recovery. In monogastrics, studies have shown that 
differences in digestibility are not important sources of variation of RFI (Luiting et al., 1994; de 
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Haer et al., 1993). With these contrasting results and small differences revealed, more research 
is needed to conclude the relationship of DM digestibility and RFI on different types of diets. In 
conclusion, caution should be used when interpreting results regarding DM digestibility due to 
the difficulty of the precise measurements required.  
Metabolic Parameters 
Variation in metabolism results in thirty-seven percent of the variation in feed efficiency 
(Richardson and Herd, 2004).  This variation is due to the effect of changes in metabolic 
parameters that alter maintenance energy requirements in the animal.  Investigation of RFI has 
shown that maintenance energy requirement per unit of metabolic body weight is highly 
correlated with variation in RFI (Herd and Bishop, 2000).   
Metabolic parameters include indicators of body composition (which consists of both fat 
and lean tissue deposition) that are related to the maintenance requirement of the animal.  
Both Cleveland et al. (1983) and Ball and Thompson (1995) reported that fatter animals tended 
to have lower maintenance requirements than leaner animals. DiCostanzo et al. (1990) 
estimated that 804 kJ is required to maintain 1 kg of protein and 86.7 KJ is required to maintain 
1 kg of fat. Theoretical partial efficiencies of nutrient turnover for fat gain range from 70-95% 
and 40-50% for lean gain (Herd and Arthur, 2009). Protein synthesis is however more 
energetically favorable than fat synthesis with ratio of energy retained to energy expended 
being 0.88 for protein vs. 0.81 for fat (McDonald et al., 1988). Schenkel et al. (2004) reported 
significant genetic correlations between RFI and fatness. When evaluating the variation of RFI 
among those young cattle, body fat measures explained less than 5% of the variation. Arthur et 
al. (2001) found that 12th rib fat depth and rump fat were positively correlated to RFI (0.17 and 
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0.06) in bulls and heifers.  In young feedlot steers the correlation was stronger (0.35 and 0.32) 
on live ultrasound measurements (Nkrumah et al., 2007) and stronger yet in older feedlot cattle 
at 0.48 and 0.72 (Robinson and Oddy, 2004).  In conclusion, high RFI cattle generally tend to be 
fatter and while fat synthesis is less energetically favorable than protein synthesis the 
maintenance requirements of fatter animals is in fact lower.  
Protein turnover is an energetically expensive process as its costs account for fifteen to 
twenty percent of the basal metabolic rate (Waterlow, 1988).  Oddy et al. (1998) revealed that 
steers selected for low growth had inherently higher rates of protein synthesis in muscle than 
did high growth steers, and that this may contribute in part to higher oxygen consumption in 
muscle, particularly at higher levels of feed intake. This shows that variation exists in protein 
turnover due to the impact of genetic selection of growth traits (Oddy, 1999).  Richardson et al. 
(2004) reported that high RFI steers had 27% lower plasma triglyceride concentration than low 
RFI steers prior to entering the finishing feedlot phase. At this time, there was also a negative 
genetic relationship between RFI and triglycerides. Results indicated that high RFI steers that 
possessed a greater fat content had lower plasma triglyceride levels because of the greater 
incorporation of triglycerides into fat cells.  Calpastatin, an inhibitor of the calcium activated 
protease calpain system and therefore protein degradation, was shown to differ in cattle that 
were selected for feed efficiency (McDonagh et al., 2001).  Cattle selected from a low RFI line 
had significantly more calpastatin than those from the high RFI line (5.2 vs. 4.6 units/g tissue). 
In conclusion, variation in composition of gain and nutrient turnover can alter the maintenance 
requirements of the animal resulting in differences in the apparent efficiency of nutrient 
utilization. 
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Another metabolite, leptin (a hormone synthesized primarily by adipose tissue involved 
in the regulation of feed intake and body reserves) has also been investigated. Leptin 
concentration in plasma was shown to be positively correlated with whole experiment period 
RFI (P<0.05) (Richardson et al., 2004).  During the fed state, leptin concentration is highly 
correlated with fat mass in cattle and insulin stimulates leptin secretion. Both leptin and insulin 
concentrations were higher for the high RFI steers who were in fact fatter (Richardson et al. 
2004). Increased insulin concentrations may be associated with the greater fat composition of 
the high RFI steers since insulin inhibits lipolysis and stimulates lipogenesis in adipose tissue.  In 
contrast, Kelly et al. (2010) reported non-significant but numerically opposite results regarding 
insulin concentration in low vs. high RFI steers (14.52 vs. 11.34 µUI/mg, respectively) that was 
negatively correlated (r=-0.14) with RFI. Leptin, as reported in this study, was only related to 
DMI (r=0.14) and feed efficiency as measured by F:G (r=0.15), and no relation to RFI was 
observed. Furthermore, the SNP in the promoter region of the bovine leptin wasn’t associated 
with measures of feed efficiency in a study by Nkrumah et al. (2005). These conflicting results 
need further resolution before a clear association can be made between RFI and the 
metabolites: insulin and leptin.  
Urea was negatively related to protein content in bulls (Robinson et al., 1992), and 
negatively related to lean growth and positively related with backfat in sheep (Clarke et al., 
1996). It was also related to genotypic and phenotypic measures of RFI in steers (Richardson et 
al., 2004). Creatinine levels examined in sheep were positively related to muscle depth and 
negatively related to fat mass (Clarke et al., 1996), and were negatively correlated with steer 
RFI (Richardson et al., 2004). This indirect evidence regarding urea and creatinine provides 
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explanation for the greater fat content of the less efficient steers in Richardson’s et al. (2001) 
study that had numerically 0.96 mmol/L higher concentrations of urea and 1.36 mmol/L lower 
levels of creatinine. 
Mitochondria are cellular organelles responsible for ~90% of oxygen consumption and 
the bulk of ATP synthesis (Meisinger et al., 2008). In addition, these organelles are of critical 
importance because they are integrating several functional, metabolic and signaling networks 
with other cellular components. This makes mitochondrial function a likely contributor to 
changes in maintenance requirements. Data regarding mitochondrial function and its relation 
to genetically selected low and high RFI cattle has been published. Low RFI cattle have been 
shown to have higher mitochondrial respiration rate (Kolath et al., 2006a), higher ADP control 
of oxidative phosphorylation (Lancaster et al., 2007), and higher mitochondrial complex protein 
concentration (Davis, 2009) then high RFI cattle. Kelly et al. (2011) showed that the mRNA 
expression of UCP3 (located in skeletal muscle) tended to be upregulated (2.2-fold, P=0.06) for 
the high-RFI compared with low-RFI animals. In contrast, Kolath et al. (2006b) showed no 
change in UCP3. UCP3 in rodents has a positive association with intake which suggests that an 
increase in intake leads to the over expression of UCP3. This is possibly due to increased 
metabolic rate and heat production (Clapham et al., 2000). Due to conflicting research results, 
the role that UCP3 plays in intake regulation is still inconclusive. It does appear however that 
differences in mitochondrial function between low and high RFI cattle attributes to their 
metabolic differences and thus maintenance requirements. 
Stress plays an integral role in how metabolism affects efficiency.  Richardson et al. 
(2004) showed that in beef steers there was a positive genetic relationship between the steers’ 
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sire’s EBV for RFI and plasma blood cortisol, a glucocorticoid released in response to a stress 
stimulus, concentration. High RFI cattle tended to have 11.33 ng/ml higher blood cortisol 
concentration suggesting that high RFI cattle are more susceptible to stress. The physiological 
response to stressors results in an increase in the animal’s metabolic rate and energy use. This 
is coupled with an increase in catabolic processes, as well as, lipolysis and protein degradation 
all of which can play a substantial role in the overall efficiency of the animal (Knott et al., 2008).   
Activity 
 As discussed, heat production has the ability to affect an animal’s maintenance 
requirements. Heat production relates to the amount of physical activity that an animal 
conducts on a regular basis. This relates to the difference in the amount of energy used.  When 
an animal becomes more active the amount of energy it expends increases thus reducing the 
amount of energy available for both maintenance and growth. Mousel et al. (2001) studied 
heat loss in mice and those lines selected to have high heat loss (poorer efficiency) were twice 
as active as the more efficient mice. High heat loss mice lost 71.6 kcal/kg0.75/d more heat and 
had 11.8 g/kg0.75/d higher food intake. Thirty-six percent of the variation in intake was equated 
to the increase in the physical activity.  In support, Bunger et al. (1998) found three times more 
activity in mice selected for high food intake.  Activity has been shown to contribute up to 80% 
of the variation of efficiency in poultry lines that were selected for high and low residual feed 
consumption (Luiting et al., 1991).  In pigs tested for RFI, number of visits to the feeding station 
and total daily feeding time was positively correlated with RFI (r= 0.64 and 0.51, respectively; 
de Haer et al., 1993). These results in monogastrics are similar to those seen in cattle.  
Richardson et al. (1999) showed a significant phenotypic correlation of 0.32 of activity to 
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efficiency in beef bulls. Amount of activity was quantified by using pedometer counter and 10% 
of the variation in efficiency was explained by the animals’ activity. This activity included the 
energy expended in eating, ruminating, and locomotion.      
Thermoregulation 
Thermoregulation is energy lost as evaporative heat as a result of heat exchange in the 
lungs and nasal passages. It has been identified as a contributor to the variation in residual feed 
intake but has not been investigated to a large extent in ruminant animals. Considering the fact 
that thermoregulation is regulated mainly by respiration rate, this would be a probable way to 
obtain information on the correlation of RFI to thermoregulation. Thermoregulation is 
important to animals in order to cope with extreme environmental conditions. It is known that 
when exposed to high heat load, cattle will generally decrease DMI (Hahn et al., 1992; 
McGovern and Bruce, 2000) and in doing so will lower metabolic rate (Hahn, 1999), which 
reduces metabolic heat load.  In a study by Sullivan et al. (2011), periods of high heat load 
reduced the daily DMI of the cattle markedly (approximately 50%) compared with the shade 
treatments (10%). Unshaded or heat stressed animals also had higher panting scores (P<0.001) 
and lower G:F. These results lead one to hypothesize that those animals selected for lower RFI 
may perform better in unfavorable conditions due to an increased ability to thermo regulate. 
However, more research is to be conducted before any further conclusions are formulated. 
Genomic Association of RFI 
 In genomic selection, the estimation of breeding values is based on genetic markers. The 
ability to genetically select for RFI would reduce the cost of measuring the feed efficiency trait. 
In order to get an accurate estimation of the breeding value of RFI, studies have been 
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conducted regarding the identification of the genome for RFI. This genomic selection relies 
heavily on an association between some marker and the trait called linkage disequilibrium (LD). 
These genetic markers include both quantitative trait loci (QTL) and single nucleotide 
polymorphisms (SNP). In beef cattle, associations between markers and RFI (Barendse et al., 
2007; Nkrumah et al., 2007; Sherman et al., 2009) have been established. Barendse et al. (2007) 
used a 10K SNP and found 8786 polymorphic SNP in 189 Australian beef cattle that were 
phenotypically selected as both high and low RFI. Of these 8786 polymorphic SNP, they 
detected 161 SNP significantly associated with RFI at P < 0.01. Nkrumah et al. (2007) found QTL 
affecting DMI, feed conversion ratio, and ADG together in similar locations on the bovine 
genome map. It is important to explore the effects of the QTL associated with RFI on other 
traits so as to not allow the selection of the QTL of RFI to negatively impact other important 
traits (Moore et al., 2009). The recent development of the 50K SNP enabled a more informative 
view of the genomic association of RFI. Bolormaa et al. (2011) used the 50K SNP chip in order to 
investigate if the SNP associated with RFI and other traits like feed intake and growth rate. In 
this study, no separate data set for RFI based on the 50K chip could be used for validation. 
Therefore, the results from the 10K chip were used to validate those from the 50K chip. Of the 
2,390 SNP in common between the two data sets, 27 of them were significant in both data sets 
which isn’t convincingly more than expected chance.  There was only a tendency, however, to 
find QTL from RFI in the same region in both data sets which is in contrast to previous work 
done by Barendse et al. (2007); Nkrumah et al. (2007); Sherman et al. (2009). This could be due 
to the lack of power and high false discovery rate in the study (Bolormaa et al., 2011). Bolormaa 
et al. (2011) did however report that associations have been found in more than one data set 
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between RFI and SNP located on bovine chromosomes (BTA) 5 and 8.  Bolormaa et al. (2011) 
also found variation in the LD phase between breeds meaning that a SNP significant in one 
breed may not be significant in another breed, even if the same QTL is segregating in both 
breeds. In conclusion, there appears to be some consistency with the association of RFI and SNP 
at certain BTAs but the power to detect SNP is greatly reduced when comparisons are made 
among different breeds. The near future will hopefully provide more insight on the 
development of such associations in order to establish an estimated breeding value to be used 
in the selection of RFI in cattle. 
Benefits to the application of RFI 
There are two important benefits to utilizing RFI in a beef production system.  First, 
economic benefits since cattle have decreased DMI with the same overall performance making 
them more profitable due to lower input costs. Second an environmental impact, most 
obviously explained by the fact that low RFI cattle have lower DMI. In a grazing situation, 
animals are consuming less forage and therefore stocking rates can then be increased providing 
the opportunity to utilize surplus forage as hay or silage for winter feeding. In the feedlot, the 
same concept applies having to deliver less feed to the animals throughout the finishing phase. 
 In addition, reduction of methane production due to lower feed consumption can affect 
the environment. Methane is the major gas emitted by ruminants as a by-product of enteric 
fermentation. Livestock produce methane as well as nitrous oxide which have 21 and 310 times 
greater global warming potential than carbon dioxide (AGO, 2001). Methane, along with nitrous 
oxide, can be produced from manure given certain types of management schemes (AGO, 2001). 
Agriculture does in fact account for some percentage of greenhouse emissions throughout the 
world.  In 2009 according to the EPA, the Agriculture sector was responsible for emissions of 
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419.3 teragrams of CO2 equivalents (Tg CO2 Eq.),or 6.3 percent of total U.S. greenhouse gas 
emissions. Of this 6.3 percent, 20 percent is contributed to enteric fermentation and 6 percent 
to manure management. Methane (CH4) and nitrous oxide (N2O) were the primary greenhouse 
gases emitted by agricultural activities (EPA, 2011). 
 Relating RFI to methane production, Angus steers (n=76) from lines selected for either 
low or high RFI have a significant relationship to methane production (P=0.01) with low RFI 
steers produced 47.9 less g/d of methane (Hegarty et al., 2007). Nkrumah et al. (2006) revealed 
that crossbred steers (n=27) have a significant correlation of 0.44 (P<0.05) between individual 
RFI and methane production. These differences in methane production accounted for low RFI 
animals having 16,100 less L per year of methane emissions than the high RFI steers (Nkrumah 
et al., 2006).  In conclusion, RFI could serve as not only a feed efficiency measure but as a tool 
to help lower the greenhouse gas emissions from ruminants.   
Summary 
 In order for the beef cattle industry to continue to thrive in times where input costs are 
continuously on the rise, producers will need to focus on feed efficiency within the herd. Feed 
efficiency is an economically important trait but is hard to evaluate and select for within the 
production system. This is due to the high amount of variation and complexity of factors that 
contribute to the variation in feed efficiency. When considering effective measurement of feed 
efficiency, RFI appears to be the most valuable tool for the cow/calf producer and feedlot 
operator alike. This is due to the fact that RFI is independent of production traits and size. 
Selection of cattle on RFI is a moderately heritable tool and has been shown to be effective in 
improving feed efficiency. This has been done without having an impact on the animals’ growth 
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or carcass characteristics in feedlot and growing cattle and does not impact cow production 
traits. Currently, measuring individual feed intake continues to be an expensive and time 
consuming method of determining feed efficiency. Recent advances, in the field of genomics, 
show promise for better predictions of estimated breeding values which could be used for 
genetic selection. This would in fact reduce the need to measure individual intake and 
performance on each individual animal. It will be easier in the future for the beef cattle industry 
to make big strides in improving feed efficiency making it competitive with other livestock 
species.   
Future investigations      
The opportunity to make improvements in the area of feed efficiency in the beef 
industry remains when investigating a trait such as RFI. The basis of the research gathered at 
the University of Illinois will continue to aid us as researchers in the further development of 
implementing RFI successfully into the beef industry. In subsequent pages, I will provide several 
purposed research studies to help this development.                                                                                                   
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Abstract 
Two experiments (1: n = 612) (2: n = 158) were conducted to analyze maternal effects 
and crossbreeding on subsequent steer performance, carcass, and feed efficiency traits. Steers 
were early weaned at 78 ± 24 d of age and randomly pen allotted. Steers were managed 
similarly prior to weaning and fed a common finishing diet. In experiment one, maternal effect 
was classified by dam breed into four categories: 1) 100% AN (AN), 2) 75% AN (75AN), 3) 50% 
AN (50AN), and 4) 75% or greater SM (SM). Results from experiment 1 showed that ADG was 
0.08 kg higher (P < 0.05) for progeny of SM compared to AN dams. Dry matter intake and 
consequently RFI were improved (P < 0.05) for 75AN and 50AN compared to AN and SM dams. 
Residual BW gain was improved in (P < 0.05) progeny of SM dams when compared to AN dams. 
Progeny from SM dams also had more desirable (P < 0.05) LM area, backfat, and yield grade 
compared to AN dams. In conclusion, experiment 1 showed that dams of varying AN breed 
composition produce offspring that perform differently in the feedlot with progeny that were 
from 75AN dams excelling in the feedlot. In experiment 2, purebred AN and SM sires and dams 
were utilized. Experiment 2 resulted in SM dams having a more desirable RFI (P < 0.05). An 
improved HCW, backfat, LM area, and consequently yield grade was shown by progeny of SM 
dams (P < 0.05); however, marbling score was 80 units higher for progeny of AN dams (P < 
0.05). When compared sire breeds had no difference in HCW (P = 0.82), but SM-sired progeny 
had the advantage in LM area, backfat, and yield grade (P < 0.05). The only sire by dam breed 
interaction was for marbling score (P = 0.05). In conclusion, experiment 2 showed both 
maternal and paternal effects on progeny in the feedlot with the maternal advantage in RFI 
given to progeny of SM dams.   
42 
 
Overall, maternal breed effects on performance, feed efficiency measures, and carcass traits of 
resulting progeny appear to be important.  
Key words: feedlot cattle, maternal breed effect, feed efficiency, crossbreeding
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Introduction 
The benefits of crossbreeding cattle are well documented (Fitzhugh et al., 1975; Gray et 
al., 1978) and include improved performance in growth and carcass traits. Beyond performance 
and carcass traits, feed efficiency can also be improved and has selection potential. Feed 
efficiency has the ability to lower high input costs without negatively impacting performance 
and carcass characteristics; however, variation in feed efficiency needs to be identified to 
insure accurate selection. These sources of variation can be associated to multiple 
characteristics of the animal and ultimately may be utilized as indicator traits for efficiency. Two 
of sources of variation could be: maternal and paternal breed composition effects. These are 
known to effect progeny performance and carcass characteristics and therefore may be an 
indicator for feed efficiency. The objective of this study was to investigate the effect of breed 
composition of the animal as determined by the sire and the dam on subsequent progeny 
performance, carcass, and feed efficiency characteristics. The first experiment in this trial was 
designed to examine the role of maternal breed effect on progeny in the feedlot. The second 
experiment was designed to evaluate crossbreeding, dam, and breed sire effects on progeny in 
the feedlot.  
Materials and Methods-Experiment 1 
Experimental Animals 
 A 4-year study was conducted utilizing 612 AN sired, steers with known dam genetics 
(AN, SM, or SM x AN) to examine the maternal effects on performance, carcass, and feed 
efficiency traits of progeny.  Animals used in this trial were managed according to the guidelines 
recommended in Guide for the Care and Use of Agricultural Animals in Agricultural Research 
and Teaching (1988). Experimental protocols were submitted and approved by the Institutional 
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Animal Care and Use Committee. Calves were a result of AI matings between AN (n = 61) bulls 
and AN (n = 123), 75% AN (n = 118), 50% AN (n = 280), and 75% and higher SM (n = 91) cows. 
Cows were managed at the Dixon Springs Agricultural Research Center (Simpson, IL).  
Management and Diets 
Cattle were born in the fall of 2007, 2008, 2009, and 2010 and were managed identically 
prior to weaning across all years. Calves were early weaned at 78 ± 24 d of age and shipped to 
the University of Illinois Beef and Sheep Unit in Urbana, IL via commercial trucking. They were 
vaccinated with the following: Bovishield Gold FP5 L5 HB (Pfizer, Exton, PA), given for 
prevention of infectious bovine rhinotracheitis, bovine viral diarrhea types 1 and 2, 
parainfluenza-3, bovine respiratory syncytial virus, and leptospirosis; One Shot Ultra 7 (Pfizer, 
Exton, PA) for prevention of blackleg, malignant edema, black disease, gasgangrene, 
enterotoxemia and enteritis, and bovine pneumonia; Pulmo-Guard MpB (AgriLabs, St Joseph, 
MO) given for the prevention of mycoplasm bovis.  Steers were dewormed with Eprinex 
(Merial, Duluth, GA) pour-on and equipped with an electronic identification tag. Steers were 
implanted with a Component TE-IS with Tylan implant (120 mg trenbolone acetate, 24 mg 
estradiol, 29 mg tylosin; Vetlife, Overland Park, KS) 14 weeks after weaning and re-implanted 
with a Component TE-S with Tylan (80 mg trenbolone acetate, 16 mg estradiol USP, 29 mg 
tylosin; Vetlife, Overland Park, KS) implant at the beginning of the finishing phase (12 weeks 
after the first implant). After weaning, steers were adapted to 18% crude protein growing diet. 
They were pen fed this common growing diet for 170 d until the initiation of finishing phase.  At 
the beginning of the finishing phase, steers were consuming the finishing diet shown in Table 
2.1. This diet was fed each of the four years of the trial. Steers were fed once daily with ad 
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libitum access to feed. Dry matter intakes were standardized to the average ME of the all the 
year’s diets which was 12.45 MJ ME kg/DM. This was done by multiplying total DMI of the 
animal by the specific year’s diet ME (MJ ME kg/DM). Total energy intake was then divided by 
12.45 to give total DMI standardized to the average energy density. This allowed for adjustment 
of slight year to year variation in ME intake. Cattle were on trial for 138 days in year 1, 111 days 
in year 2, 97 days in year 3, and 69 days in year 4. Though days on trial differed cattle had 
similar days on feed at 150 d. For all years, cattle were sent to harvest at 389 ± 18 d of age. 
Steers were harvested as one group each year to eliminate any variation of days on feed within 
any given year. 
Performance Data Collection 
At the initiation of the finishing phase, weights were taken on two consecutive days at 
the initiation of that year’s trial except in year 4. These weights were then averaged which 
resulted in initial finishing phase weight. Final weights were calculated from hot carcass weights 
using a standard dressing percentage of 62% except in year 4. In year 4, weights were taken 
every 2 weeks due to limited number of days on GrowSafe® automated feeding system 
(GrowSafe® Systems Ltd., Airdrie, Alberta, Canada) equipment. The final weights were taken 12 
days before harvest at this time the performance data collection ended. The 2 week weigh 
schedule allowed for measurement of weight via regression analysis. To insure that weights 
were not altered by this method and consistent with the previous years’ results, the PROC 
CORR procedure in SAS (SAS Inst., Inc., Cary NC) was used to correlate actual final weight and 
final weight from HCW /0.62. They correlated at 0.97 so weight was determined accurate. 
Individual daily feed intakes were recorded using the GrowSafe® automated feeding system. 
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Average daily gains and G:F were than calculated from the recorded information. All years of 
the study conformed to Beef Improvement Federation’s feed intake guidelines (BIF, 2010). 
Carcass Data Collection  
At the end of the finishing phase, steers were transported via commercial trucking to 
Tyson, Inc. (Joslin, IL). At Tyson, they were harvested and carcass data was measured and 
recorded. Measurements were recorded for hot carcass weight (HCW) on day of harvest by 
University of Illinois trained personnel. Following a 24-h chill at -4C, 12th-13th rib fat thickness 
and marbling score were collected via Tyson USDA camera recording systems. Quality grade 
was then determined based on the standard marbling score (400, low choice; 500, average 
choice; 600, high choice). Yield grade was calculated using the equation [2.5 +(2.5*inches of BF) 
+(0.20*%KPH) + (0.0038*lbs of HCW) – (0.32*LD in square inches)] (Taylor, 1994).  
Calculation of Feed Efficiency 
Feed conversion ratio (FCR) was calculated as average DMI divided by ADG. Residual 
feed intake (RFI) was assumed to represent the residuals from a multiple regression model 
regressing DMI on ADG and BW0.75 with year as a fixed effect, pen as a random effect. Similarly, 
residual BW gain (RG) was assumed to represent the residuals from a multiple regression model 
regressing ADG on DMI and BW0.75 with year as a fixed effect, pen as a random effect. As cited 
by Berry and Crowley (2012), residual intake and BW gain (RIG) was calculated as the sum of -1 
x RFI and RG, both standardized to a variance of 1. Residual feed intake was multiplied by -1 to 
account for a negative RFI being favorable compared with a positive RG being favorable. 
Residual intake and BW gain is a linear function of both RFI and RG which in turn are linear 
functions of their component traits DMI, ADG, and BW0.75. Therefore, an alternative approach, 
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if fixed effects, random effects, or co-variants are not included in the model to estimate either 
RFI or RG, is to use selection indexes to calculate the appropriate weighting of the component 
traits (Kennedy et al, 1993; van der Werf, 2004); the (co)variance components among DMI, 
ADG, and BW must be estimated for inclusion in the selection index. Similarly, a restricted 
selection index could be used (Eisen, 1977) 
Statistical Analysis 
Feed efficiency values were calculated using the PROC MIXED procedure of SAS (SAS 
Inst., Inc., Cary NC). Residual feed intake was calculated regressing DMI on ADG and BW0.75 with 
year as a fixed effect, pen as a random effect and breed of sire and dam as co-variants. This 
equation did not include backfat in the model because it didn’t significantly improve the RFI 
value. Backfat only reduced BIC (2566) and AIC (2536) by 40 and lowered the residual variance 
by just 3.5%. In addition, inclusion of backfat resulted in a lower heritability estimate of RFI. 
Residual BW gain was calculated regressing ADG on DMI and BW0.75 with year as a fixed effect, 
pen as a random effect and breed of sire and dam as co-variants. The selection of this equation 
was also via statistical verification where AIC, BIC, and residual variance were not significantly 
decreased and when backfat was not significantly (P > 0.10) included when offered as a 
dependent variable. The selection of this equation was then consistent with the equation for 
RFI. Residual intake and BW gain and G:F were calculated from procedures listed in the 
calculation of feed efficiency values.  
Data were analyzed using the PROC MIXED procedure of SAS (SAS Inst., Inc., Cary NC). 
Maternal effect was classified by dam breed into four categories: 1) 100% AN (AN), 2) 75% AN 
(75AN), 3) 50% AN (50AN), and 4) 75% or greater SM (SM). The model included the fixed effect 
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of dam breed and year. Pen was a random effect. Response variables included: performance 
traits, carcass characteristics, and feed conversion ratio (feed:gain). Least square means were 
calculated and contrasts selected. Three contrasts were tested: AN vs SM, purebred vs 
crossbred (AN and SM vs. 75AN and 50AN), and 75AN vs. 50AN. Significance was determined at 
a p-value of less than 0.05. The remaining feed efficiency response variables (RFI, RG, and RIG) 
were tested without year and pen in the model since they were previously accounted for in the 
calculation of the feed efficiency values.  
Materials and Methods-Experiment 2  
Animals and Management  
One hundred and fifty-eight AN, SM, and AN x SM steers from eleven identified sires 
were used across two different years. The same sires were used in purebred and crossbred 
production of steers. Steers originated from two sources: Orr Beef Research Center (Perry, IL.) 
and Urbana Beef Research Center (Urbana, IL). Animals were early weaned at approximately 56 
d of age and back-grounded on a high-energy diet prior to starting the trial. Animals used in this 
trial were managed according to the guidelines recommended in the Guide for the Care and Use 
of Agriculture Animals in Agriculture Research and Teaching (Consortium, 1988). Experimental 
protocols were submitted and approved by the University of Illinois Institutional Animal Care 
and Use Committee. Steers were vaccinated for Bovine Respiratory Syncytial Virus, IBR, BVD, 
PI3, and Pasteurella. The implant strategy utilized for year one was Component E-S® (200 mg 
progesterone USP and estradiol benzoate 20 mg; VetLife, Overland Park, KS) at the initiation of 
the growing phase and re-implanted with Component TE-IS® (80 mg trenbolone acetate, 16 mg 
estradiol, 29 mg tylosin tartate; VetLife, Overland Park, KS) at the initiation of the finishing 
phase (112 d of age), and Component TE-S® (120 mg trenbolone acetate, 24 mg estradiol, 29 
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mg tylosin tartate; VetLife, Overland Park, KS) d 76 of the finishing period. The implant strategy 
for year two was Component E-S® (200 mg progesterone USP and estradiol benzoate 20 mg; 
VetLife, Overland Park, KS) at the initiation of the growing phase and re-implanted with 
Component TE-S® (120 mg trenbolone acetate, 24 mg estradiol, 29 mg tylosin tartate; VetLife, 
Overland Park, KS) at the beginning of the finishing phase (112 d of age). Animals were allotted 
to pens by weight and fed one common diet. The diet was formulated to meet or exceed the 
minimum NRC (1996) requirements for maintenance and gain (Table 2.2 2).  
Performance Data Collection  
Individual DMIs were recorded via GrowSafe® intake recording system. At the initiation 
of the finishing phase, weights were taken on two consecutive days. These weights were then 
averaged which resulted in initial finishing phase weight. Final weights were calculated from 
hot carcass weights using a standard dressing percentage of 62%. This weight was used to 
calculate final individual-animal ADG and G:F. On average, the finishing phase included 106 d on 
feed. All years of the study conformed to Beef Improvement Federation’s feed intake guidelines 
(BIF, 2010) 
Carcass Data Collection  
At the end of the finishing phase, steers were transported via commercial trucking to 
Tyson, Inc. (Joslin, IL). At Tyson, they were harvested and carcass data was measured and 
recorded. Steers were stunned via captive bolt pistol and exsanguinated. On the day of harvest 
individual carcass measurements were taken for HCW. After undergoing a 24 h chill at -4ºC, 
measurements for backfat thickness (BF), kidney, pelvic and heart fat (KPH) percentage, and 
marbling score (MS) were collected by trained university personnel. Chromatography paper 
50 
 
was used to take an image of the longissimus dorsi and measurements for the longissimus 
muscle area (REA) were recorded using a planometer. University of Illinois (UI) measurements 
were used to determine quality grade (QG) and calculate yield grade (CYG). Yield grade was 
calculated using the equation [2.5 + (2.5*inches of BF) + (0.20*KPH%) + (0.0038*lb. of HCW) – 
(0.32*square inches of LD muscle)] (Taylor, 1994).  
Calculation of Feed Efficiency 
The same calculations as in experiment 1 were used. 
Statistical Analyses  
Feed efficiency values were acquired statistically as in experiment 1 except pen was not 
included in the analysis. Data were analyzed using the PROC MIXED procedure of SAS (SAS Inst., 
Inc., Cary NC). Steer was the experimental unit used for performance, carcass, and feed 
efficiency data. Experimental design was a 2 x 2 factorial. Independent variables were dam 
breed and sire breed. Fixed effects were dam breed, sire breed, and year. Main effects and 
interactions were evaluated based on least square means for all dependent variables. These 
dependent variables included: performance, carcass, and feed efficiency (FCR, RFI, RG, and RIG) 
data. Significance was determined at a p-value of less than 0.05. The remaining feed efficiency 
response variables (RFI, RG, and RIG) were tested without year in the model since they were 
previously accounted for in the calculation of the feed efficiency values. 
Results and Discussion 
Experiment 1 
This trial examined the maternal effect of AN, SM, and AN x SM dams on AN sired calves. 
Dam used were AN (n = 123), 75AN (n = 118), 50AN (n = 280), and SM (n = 91). Subsequent 
progeny were then 100% AN, 87.5% AN, 75% AN, and 62.5% AN, respectively. Purebred dams 
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were identified as the AN and SM dams, and crossbred dams were the 75AN and 50AN dams. 
The maternal effect on performance and efficiency characteristics is shown in Table 2.3. Initial 
weight (at beginning of trial) differed (P < 0.01) between 75AN and 50AN dam progeny with 
75AN being 14 kg heavier. When taking into account the days of age at initiation of trial, the 
same advantage remains (P = 0.02) for 75AN progeny over the 50AN progeny, but the SM dams 
had steers that were 14 kg heavier (P = 0.01) then the AN dams. In both cases, initial weight 
didn’t differ in crossbred vs. purebred dams (P = 0.76 and P = 0.53, respectively). Final weight of 
progeny, as calculated from HCW, differed (P = 0.03) between 75AN and 50AN dams at 573kg 
and 559 kg, respectively. Final weight did not significantly differ between purebred dams and 
purebred vs. crossbred dams. The SM dams had progeny which gained 0.08 kg/d more than 
purebred AN dams. All other progeny gained similarly at an average of 1.71 kg/d. Lower DMIs 
were observed from crossbred vs. purebred dam’s progeny with crossbred progeny eating 2.5% 
less DM/d (P < 0.01). No other statistical differences were detected for DMI; however, progeny 
from SM dams numerically ate the most at 9.80 kg/d which is in concurrence with results in 
experiment 2. Urick et al. (1991a) analyzed progeny of five sire breed types on first-cross cows, 
which represented different biological types for maternal breed effects, for post-weaning trait 
performance and found that differences were not large. Although there was growth advantages 
of progeny from SM first cross cows compared to AN first cross cows (Urick et al., 1991a).  
Differences in measures of feed efficiency were detected among dams as shown Table 
2.3. SM dams had progeny that were 4.57% more efficient in terms of G:F compared to AN 
dams (P = 0.02). Crossbred dams and SM dams had gain to feed ratios of 0.182. Residual feed 
intake was significantly (P = 0.01) improved for progeny of crossbred dams at -0.04 compared 
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to an average 0.10 RFI for the purebred dams. In contingence with previously work by Crowley 
et al., 2010; Chewning et al., 1990; Schenkel et al., 2004., AN dams numerically ranked the 
worst at 0.11, followed by SM dams 0.08. Progeny of SM dams gained 0.08 kg more than those 
of AN dams which resulted in a significantly better RG (P = 0.01). This is in contrast to 
experiment 2 results where AN dam’s progeny had the numerically better RG. However, it is 
important to recognize that progeny from this experiment are of high AN influence. This could 
mean that optimum RG is reached when progeny are a high percent AN and low percent SM 
composite. When RFI and RG are combined to make RIG, progeny of crossbred dams tended to 
have a better (more positive) RIG then purebred dams (P = 0.10). Progeny of SM dams tended 
to have a 0.39 better RIG than those of AN dams (P = 0.09). In conclusion, progeny from 75AN 
and 50AN dams had the most desirable RFI and RIG values and had improved RG over progeny 
from AN dams.  
Maternal effects on carcass characteristics of progeny are shown in Table 2.4. Not 
surprisingly, given previous performance results, HCW was significantly (P = 0.03) better for 
progeny of 75AN vs 50AN dams. Longissimus area was larger for progeny of SM vs. AN dams (P 
< 0.01), crossbred vs. purebred dams (P = 0.06), and 75AN compared to 50AN (P = 0.06). 
Progeny of AN dams had 0.16 cm more backfat than those of SM dams (P < 0.01). Purebred 
dams tended (P = 0.09) to have progeny with more backfat than crossbred dams. This is mainly 
to due to the fact that AN dams produced steers that were fatter in comparison to all other 
dams who produced progeny relatively similar in backfat. The only difference in marbling score 
was seen in the progeny from 75AN dams which had a 34 unit improvement in marbling score 
over 50AN dams (P < 0.01). As expected due to the high proportion of AN genetics in the steers, 
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mean of all progeny graded “low choice”. Progeny from SM dams had a more desirable yield 
grade than did those from AN dams (P < 0.01).  Breed complimentary was shown in progeny by 
crossbred and SM dams having numerically similar yield grades. Progeny from crossbred dams 
had significantly (P = 0.02) more desirable yield grades than their purebred dam 
contemporaries. However, this was again due to the fact that AN dams had progeny with the 
worst numerical yield grade. In support, Marshall et al. (1990) found that carcasses were 
heavier with larger longissimus area, less external fat thickness and increased yield of lean, 
retail product from Hereford x SM dams vs. Hereford x AN dams.  
Experiment 2 
The effects of breed of sire, breed of dam, and the interaction of dam x sire breed on 
progeny performance and resulting feed efficiency traits were evaluated. These performance 
and efficiency characteristics in both purebred and crossbred steers are seen in Table 2.5. Two 
breeds were represented for both the sire and dam (AN and SM). A total of four breed 
compositions were represented within the steer population, 34% (n = 53) AN, 13% (n = 21) AN x 
SM, 14% (n = 22) SM x AN, and 39% (n = 62) SM. Breed of sire had no effect (P > 0.05) on the 
performance and efficiency characteristics of steers. Angus-sired steers averaged 181 kg of 
initial weight, 634 kg of final weight, 8.54 kg of DMI, 0.182 G:F, -0.03 RFI, 0.01 RADG, and 0.14 
RIG. Simmental-sired steers averaged 183 kg of initial weight, 637 kg of final weight, 8.59 kg 
DMI, 0.181 G:F, -0.01 RFI, 0.01 RADG, and 0.11 RIG. In contrast, to these findings, Urick et al. 
(1991) found that SM sires produced higher gaining cattle that were more efficient in feed 
utilization than AN sires when bred to Hereford dams. This difference can in part be explained 
by the genetic trend for AN cattle to become heavier at all ages of weight in contrast to SM 
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cattle that have focused on reduction of birth weight (Nunez-Dominguez et al., 1993). It should 
also be considered that the resulting progeny in this study were from both SM and AN dams 
and as discussed previously breed of dam can play a significant role in progeny performance.  
Breed of dam did affect performance characteristics (Table 2.5). Steers from AN dams 
were 24 kg lighter at initiation of the trial. This can be in part attributed to milk production 
which is known to influence calf weaning weight (Neville, 1962; Boggs et al., 1980). Kress et al. 
(1990) reported lower milk production for Hereford dams than 50% and 75% SM dams. In 
addition, calves from the 50% and 75% SM dams had the highest growth traits. In another 
study, Marston et al. (1992) showed higher total milk yields based on a 205 d lactation period 
for SM cows compared to AN cows. Total milk yields were 1,724 kg greater for SM cows than 
for AN cows. This resulted in calves from SM dams being 57 kg heavier than calves from AN 
dams when weaned at 205 d of age. These findings mean initial weight differences may be due 
to higher milk production levels for SM or SM cross-bred cows when compared other beef 
breed dams.  In concurrence with initial weight differences, steers from SM dams were 43.5 kg 
heavier at the time of final weight. This shows that the steers from the SM dams maintained a 
weight advantage throughout the trial. Body weight is highly heritable and Arango et al. (2002) 
showed that purebred Charolais and SM cows were heavier (P < 0.01) then Hereford x AN cows 
at every age. Their progeny would then be expected to possess the genetic potential to be 
heavier as well. Steers from SM dams also gained 0.12 kg/d (P = 0.07) more than those from AN 
dams while maintaining similar intakes. These intakes on average were 8.69 kg of DM/d (P = 
0.18). As a result, feed efficiency expressed in terms of G:F didn’t differ (P = 0.29), but was 
numerically in favor of SM dams. There is early evidence to support that faster growing lean 
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breeds are more efficient than slower growing fatter breeds in converting feed energy to lean 
tissue (Jones et al., 1978). Contrary to these findings, Archer et al. (1999) stated that under 
usual conditions, Continental-bred cattle may be less efficient at converting feed to live weight 
gain than British-bred cattle partly due to higher maintenance requirements. Maintenance 
efficiency differs across breeds and these differences are related to the productive potential of 
those breeds (Archer et al., 1999). Residual feed intake was influenced by dam breed (P = 0.03) 
with steers by SM dams having a 0.245 lower (more desirable) RFI in comparison to steers with 
AN dams. It has been shown in the literature that purebred AN cattle rank poorer in terms of 
RFI compared to SM cattle (Crowley et al., 2010; Chewning et al., 1990; Schenkel et al., 2004).  
In general, breed differences for performance and efficiency are prevalent.  Crowley et 
al. (2010) showed that purebred SM bulls had significantly higher start weights, final weights 
and ADG compared to AN bulls. They also had DMI and FCR (F:G) that were not statistically 
different but the numerical advantage was given to SM bulls for both parameters. Upon 
evaluation of RFI and RG, SM bulls had a significantly improved RFI and RG. These breed 
findings are consistent with those found by Chewning et al. (1990) for FCR and ADG. Schenkel 
et al. (2004) found SM to rank higher than AN in regard to ADG but contrary to the present 
study cited AN ranked slightly higher for FCR than SM.  
The effect of dam and sire breed on carcass characteristics are shown in 2.6. Breed of 
sire did have a significant effect (P < 0.05) on all carcass characteristics, except HCW which did 
not differ (P = 0.82) between AN and SM sired steers at 393 and 395 kg, respectively. 
Longissimus muscle area was 3.82 cm2 larger (P = 0.03) for SM steers. Angus-sired cattle had (P 
< 0.01) more 0.34 cm more backfat than SM sired steers This resulted in a higher cutability or 
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lower yield grade in SM sired steers (P =0.02). Marbling score favored AN having a 77 unit 
improvement (P <0.01) over SM sired steers. Hassen et al. (1998) expressed differences in 
carcass characteristics of SM and AN breeds as breed solution (SM minus AN) and showed a 
significant (P < 0.01) positive SM breed effect for HCW and LMA and negative effect for carcass 
fat. This result is in agreement with Gregory et al. (1994) who reported a higher performance (P 
< 0.05) of SM sired progeny for HCW and LM area but lower means (P < 0.05) for traits that 
measure degree of fatness, compared with AN progeny. Breed of dam had a significant (P < 
0.05) effect on all carcass characteristics.  Steers by SM dams had HCW that was 27 kg heavier 
then steers by AN dams (P < 0.01). They also had a 4.27 cm2 larger LM area (P = 0.02). Angus 
dams produced steers that had 24% more backfat deposition (P < 0.01) and an 80 unit 
improvement in marbling score (P < 0.01). This increase in marbling score allowed for steers by 
AN dams to have a mean grade of “average choice” where steers by SM dams had a mean 
grade of “low choice”. Williams et al. (2010) showed that the breed effects for marbling score 
like fat thickness were most positive for the AN breed and most negative for continental beef. 
Johnson et al. (1998) also found that greater marbling scores were associated with British 
rather than Continental breeds. Similarly, Rios-Utrera et al. (2006) found effects for marbling to 
be least among Continental breeds with Limousin having the least marbling. Steers by SM dams 
in this study did have a 0.27 unit advantage in yield grade (P = 0.02). As expected, steers from 
dams of British influence (AN) had higher backfat and intramuscular fat deposition compared to 
steers of Continental breed influence which had leaner carcasses.  
Barker-Neef et al. (2001) stated that crossbred calves had more growth potential than 
AN calves due to hybrid vigor and the influence of Continental genetics.  Initial weight did have 
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a significant dam*sire breed interaction (P = 0.05). Results showed AN steers to weigh 173 kg, 
AN x SM 166 kg, SM x AN 188 kg, SM 199 kg. No other performance characteristics exhibited a 
significant interaction. In terms of feed efficiency, we saw a dam*sire breed effect for G:F, RG, 
and RIG but no breed interaction for DMI or RFI among progeny. The lack of significance of 
heterosis for feed intake traits has been established in the literature (Ellersieck et al. 1977; Elzo 
et al., 2009). Ellersieck et al. (1977) found a lack of significant interactions between sire breed 
and dam breed for feed efficiency, unless feed efficiency was adjusted to a weight-constant 
basis. Elzo et al. (2009) reported that heterosis was insignificant for RFI, FCR (G:F), gain, but did 
significantly increase DMI in AN, Brahman, and AN/Brahman composites. In contrast, our 
findings indicate that G:F was improved in AN x SM and SM x AN steers compared to purebred 
steers (P = 0.05). Similar advantages were seen for RG with the best being AN x SM steers at 
0.05, SM x AN at 0.02 and AN at 0.004 (P = 0.03). Purebred SM steers gained 0.03 kg less than 
they were predicted to gain (P = 0.03) indicating a poorer efficiency than crossbred and 
purebred AN steers in terms of RG. This means that while purebred SM steers may have the 
genetic potential to gain more weight per day, they may not be as efficient at it as other 
breeds. A tendency for dam*sire interaction (P = 0.07) for RIG was shown. As a result, there was 
improved RIG for AN x SM steers at 0.30 and SM x AN steers at 0.49 when compared to 
purebred cattle with AN steers having the worst RIG at -0.22. This shows that ranking of 
individuals does depend on the definition of feed efficiency as well as the representation of 
breed by the animals included in different studies.  
As expected, the influence of AN dam or AN sire improved the ability of progeny to 
deposit intramuscular fat when compared to purebred SM steers. Angus x Simmental or SM x 
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AN steers had an average quality grade of “high choice” with marbling scores of 614 and 611, 
respectively. Simmental steers had the lowest mean marbling score at 574 causing them to 
grade “average choice” and AN steers had the highest mean marbling score at 730 which is a 
“low prime” quality grade. This could result in distinct economic advantages when cattle are 
sold on the grid for those steers of high AN influence. The results in table 2.6 for the AN x SM 
and SM x AN confirms breed complementariness and heterosis expression in feedlot steers. 
Implications 
In these studies, maternal and parental effects on performance, feed efficiency 
measures, and carcass traits of resulting progeny were significant. Feed efficiency 
characteristics were influenced by dam and sire*dam, but not by sire breed alone. This dam 
effect should be investigated further in order to provide information for selection of superior 
individuals. Clearly dams of varying AN breed composition produce offspring that perform 
differently in the feedlot with progeny that were from 75AN dams excelling in the feedlot. 
More emphasis should be placed on maternal effects in the future and its role in selection of 
the more efficient animal that still possesses desired performance and carcass characteristics. 
These results also indicate that accounting for breed of dam and crossbreeding would 
important in a multibreed genetic evaluation.  
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Tables
Table 2.1 Composition of experiment 1 finishing diets, % DM 
Item Diet  
High moisture corn 40  
Wet corn gluten feed 40  
Ground stalks 5  
Corn silage 5  
By-product supplement 10  
   Ground corn 89.16  
   Urea 0.29  
   Limestone 7.27  
   Rumensin 801 0.17  
   Tylan 402 0.14  
   Salt 1.12  
   Copper sulfate 0.06  
   Vitamin A, D, E3 0.11  
   Liquid fat 1.68  
Calculated Analysis   
CP, % 13.57  
NEg, Mcal/kg 1.42  
Ca, % 0.67  
P, % 0.87  
1 Rumensin 33 g/1000 kg 
2 Tylan 11g/1000 kg  
3 Vitamin A=363 IU/kg, vitamin D=36 IU/kg, vitamin E=5 IU/kg 
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Table 2.2 Composition of experiment 2 finishing diets, % DM 
 Finishing Diet 
Item Year 1 Year 2 
Dry rolled corn 53 50 
Dry distillers grain 24 25 
Corn silage 13 15 
By-product 
Supplement 
10 10 
   Ground corn 89.16 89.16 
   Urea 0.29 0.29 
   Limestone 7.27 7.27 
   Rumensin 801 0.17 0.17 
   Tylan 402 0.14 0.14 
   Salt 1.12 1.12 
   Copper sulfate 0.06 0.06 
   Vitamin A, D, E3 0.11 0.11 
   Liquid fat 1.68 1.68 
Calculated Analysis   
CP, % 13.14 13.27 
NEg, Mcal/kg 1.38 1.37 
Ca, % 0.379 0.383 
P, % 0.385 0.387 
1 Rumensin 33 g/1000 kg  
2 Tylan 11g/1000 kg  
3 Vitamin A=363 IU/kg, vitamin D=36 IU/kg, vitamin E=5 IU/kg 
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Table 2.3 Effect of dam breed on performance and efficiency of steers  
   Treatments1  
 AN 75% AN  50% AN SM  Contrasts 
Item 1 2 3 4 SEM2 1 vs 4 2,3 vs 1,4 2 vs 3 
         
No. of dams 123 118 280 91     
  Initial weight, kg 381 386 372 380 4 0.97 0.76 <0.01 
  Initial weight3, kg 363 377 367 377 4 0.01 0.53 0.02 
  Final weight4, kg 564 573 559 574 6 0.23 0.53 0.03 
  Gain, kg/d 1.70 1.71 1.72 1.78 0.03 0.01 0.21 0.77 
  DMI5, kg/d 9.72 9.54 9.49 9.80 0.17 0.61 <0.01 0.62 
  G:F 0.175 0.180 0.183 0.183 0.004 0.02 0.29 0.37 
  RFI6, kg 0.11 -0.05 -0.04 0.08 0.06 0.72 0.01 0.83 
  RG7, kg -0.04 -0.01 0.01 0.03 0.02 0.01 0.81 0.22 
  RIG8 -0.38 0.01 0.12 0.01 0.15 0.09 0.10 0.55 
1AN= Purebred AN, SM=3/4 SM and higher; experiment 1  
2Pooled standard error of the mean 
3 Initial weight adjusted for days of age at time of initial weight, not used in any performance calculations 
4Final weight = hot carcass weight/0.62 
5DMI standardized to 12.45 ME/kg DM 
6Residual Feed Intake,  Predicted DMI =  ADG + metabolic BW 
7Residual BW gain,  Predicted ADG =  DMI + metabolic BW 
8Residual Intake and Gain, calculated with RG and RFI 
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Table 2.4 Effect of dam breed on carcass characteristics of steers  
    Treatments1 
 AN 75% AN  50% AN SM   
Item 1 2 3 4 SEM2 1 vs 4 2,3 vs 
1,4 
2 vs 3 
         
No. of dams 123 118 280 91     
HCW, kg 350 355 347 356 3.8 0.23 0.53 0.03 
LM area, cm2 77.55 81.14 79.61 80.73 0.70 <0.01 0.06 0.06 
Backfat, cm 1.47 1.35 1.32 1.31 0.04 <0.01 0.09 0.44 
Marbling score3 470 482 448 454 8 0.20 0.75 <0.01 
Yield grade 3.39 3.14 3.10 3.12 0.06 <0.01 0.02 0.48 
1AN = Purebred AN, SM = 3/4 SM and higher ; experiment 1 
2Pooled standard error of the mean 
3400 = low choice, 500 = avg. choice, 600 = high choice 
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Table 2.5 Effect of dam and sire breed on performance and efficiency of steers 
Dam breed1 A A S S  
Sire breed1 A S A S  P-Values 
Item     SEM2 Dam Sire Dam*Sire 
No. of progeny 53 22 21 62 - - - - 
  Initial weight, kg 173 166 188 199 11 <0.01 0.72 0.05 
  Final weight3, kg 615 612 653 661 11 <0.01 0.81 0.66 
  Gain, kg/d 1.49 1.52 1.57 1.56 0.04 0.07 0.84 0.62 
  DMI4, kg/d 8.49 8.39 8.59 8.79 0.18 0.18 0.81 0.42 
  G:F 0.177 0.182 0.186 0.179 0.003 0.29 0.79 0.05 
  RFI5, kg 0.15 0.06 -0.20 -0.08 0.10 0.03 0.89 0.37 
  RG6, kg 0.004 0.05 0.02 -0.03 0.02 0.18 0.96 0.03 
  RIG7 -0.22 0.30 0.49 -0.09 0.29 0.59 0.91 0.07 
1A = Purebred AN, S = Purebred SM; experiment 2 
2Pooled standard error of the mean 
3Final weight = hot carcass weight*0.62 
4DMI standardized to 12.45 ME/kg dm  
5Residual Feed Intake,  predicted DMI =  ADG + metabolic BW 
6Residual BW gain,  predicted ADG = DMI + metabolic BW 
7Residual Intake and Gain, calculated with RADG and RFI 
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Table 2.6 Effect of dam and sire breed on carcass characteristics of steers 
Dam breed1 A A S S  
Sire Breed1 A S A S  P-Values 
Item     SEM2 Dam Sire Dam*Sire 
No. of progeny 53 22 21 62     
HCW, kg 381 380 405 410 7 <0.01 0.82 0.67 
LM area, cm2 85.65 89.72 90.15 93.77 1.75 0.02 0.03 0.90 
Backfat, cm 1.63 1.23 1.28 1.01 0.07 <0.01 <0.01 0.39 
Marbling score3 730 614 611 574 19 <0.01 <0.01 0.05 
Yield grade 3.55 2.90 3.16 2.74 0.12 0.02 <0.01 0.34 
1A = Purebred AN, S = SM; experiment 2  
2Pooled standard error of the mean 
3500 = low choice, 600 = avg. choice 
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Abstract 
Currently there are several feed efficiency values being investigated including: feed 
conversion ratio in terms of feed:gain (FCR), residual feed intake (RFI), and residual BW gain 
(RG), and residual intake and BW gain (RIG). These all have production efficiency potential since 
they include feed intake inputs and production outputs. The objective of this study was to 
investigate 1) how these measures of efficiency affect one another and their heritability 
estimates and 2) relate both genetically and phenotypically to feed lot cattle on a performance, 
carcass, and economic basis. All feed efficiency traits investigated were favorably correlated 
both genetically and phenotypically to one another. Feed conversion ratio was genetically 
correlated to RG and RIG at -0.97 and -0.95, respectively. Feed conversion ratio is highly 
correlated with growth traits therefore an increase in weight led to a more desirable FCR. While 
a phenotypic increase wasn’t significant, a genetic increase in carcass value was associated with 
a more desirable FCR.  A similar effect was shown when utilizing RG since it is very similar to 
FCR. While RFI does a good job at reducing intake, it also has the genetic ability to reduce 
weight with a correlation to HCW at 0.34. Residual intake and BW gain combined that 
advantageous performance aspects of reduced DMI like RFI and increased ADG like RG. It is also 
moderately heritable at 0.22 ± 0.10 like its component traits. Economic characteristics are 
favorable toward RIG; however, it was associated with lower marbling scores in this study.  
Key words: feed conversion ratio, residual feed intake, residual BW gain, residual intake and 
BW gain, feedlot
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Introduction 
 Improving feed efficiency in the beef industry is a topic gaining much momentum due to 
the rise in input costs. Feed costs can account for 50-75% of the variation in input cost. The 
importance of integrating feed efficiency into the beef industry has been recognized, but the 
question of how to implement it into beef production systems still remains. Accurate measures 
of feed efficiency applicable for all sectors of the industry need to be established. The main 
issue with the development of feed efficiency measures is the limited ability to collect DMI of 
individual animals; however, the availability of DMIs is currently on the rise. In recent 
publications, several feed efficiency values have been investigated including: feed conversion 
ratio in terms of feed:gain (FCR), residual feed intake (RFI), and residual BW gain (RG), and 
residual intake and BW gain (RIG). These all have production efficiency potential since they 
include feed intake inputs and production outputs. The objective of this study was to 
investigate 1) how these measures of efficiency affect one another, 2) their heritability 
estimates and 3) the genetic and phenotypic relationship of these values to feedlot cattle 
performance, carcass, and economic characteristics. 
Materials and Methods 
Experimental Animals 
 A 4-year study was conducted utilizing 736 steers of known Angus, Simmental, or 
Simmental x Angus genetics. This was to determine: 1)heritability, 2) genetic and phenotypic 
relationships of FCR, RFI, RG, and RIG to one another 3) the effect that performance, carcass, 
and economic factors have on FCR, RFI, RG, and RIG. Economic values included: carcass value, 
profit, cost of gain ($/kg), and feed costs ($/steer*d-1).  Animals used in this trial were managed 
according to the guidelines recommended in Guide for the Care and Use of Agricultural Animals 
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in Agricultural Research and Teaching (1988). Experimental protocols were submitted and 
approved by the Institutional Animal Care and Use Committee. Calves were a result of AI 
matings between Angus (n = 61), Simmental (n = 14), and 50% Angus 50% Simmental (n = 7) 
bulls and Angus (n = 224), 75% Angus (n = 121), 50% Angus (n = 288), and 75% and higher 
Simmental (n = 103) cows. Cows were managed at the Dixon Springs Agricultural Research 
Center (Simpson, IL).  
Management and Diets 
Cattle were born the in fall of 2007, 2008, 2009, and 2010 and were managed identically 
prior to weaning. Calves were early weaned at 78 ± 24 d of age and shipped to University of 
Illinois Beef and Sheep Unit in Urbana, IL via commercial trucking. They were vaccinated with 
the following: Bovishield Gold FP5 L5 HB (Pfizer, Exton, PA), given for prevention of infectious 
bovine rhinotracheitis, bovine viral diarrhea types 1 and 2, parainfluenza-3, bovine respiratory 
syncytial virus, and leptospirosis; One Shot Ultra 7 (Pfizer, Exton, PA) for prevention of 
blackleg, malignant edema, black disease, gasgangrene, enterotoxemia and enteritis, and 
bovine pneumonia; Pulmo-Guard MpB (AgriLabs, St Joseph, MO) given for the prevention of 
mycoplasm bovis.  Steers were dewormed with Eprinex (Merial, Duluth, GA) pour-on and 
equipped with an electronic identification tag. Steers were implanted with a Component TE-IS 
with Tylan implant (120 mg trenbolone acetate, 24 mg estradiol, 29 mg tylosin; Vetlife, 
Overland Park, KS) 14 weeks after weaning and re-implanted with a Component TE-S with Tylan 
(80 mg trenbolone acetate, 16 mg estradiol USP, 29 mg tylosin; Vetlife, Overland Park, KS) 
implant at the beginning of the finishing phase (12 weeks after the first implant). After weaning, 
steers were adapted to 18% crude protein growing diet and pen feed this common growing diet 
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for 170 d until the initiation of finishing phase.  At the beginning of the finishing phase, steers 
were consuming the finishing diet shown in Table 3.1. The diet was fed each of the four years of 
the trial. Steers were fed once daily with ad libitum access to feed. Dry matter intakes were 
standardized to the average ME of the all the year’s diets which was 12.45 MJ ME kg/DM. This 
was done by multiplying total DMI of the animal by the specific year’s diet ME (MJ ME kg/DM). 
Total energy intake was then divided by 12.45 to give total DMI standardized to the average 
energy density. This allowed for adjustment of slight year to year variation in ME intake. Cattle 
were on trial for 138 days in year 1, 111 days in year 2, 97 days in year 3, and 69 days in year 4. 
Though days on trial differed the cattle had similar finishing days on feed at 150 d. For all years, 
cattle were sent to harvest at 389 ± 18 d of age. Steers were harvested as one group each year 
to eliminate any variation of DOF within any given year. 
Performance Data Collection 
At the initiation of the finishing phase, empty weight measurements were taken on two 
consecutive days at the initiation of that year’s trial except in year 4. These weights were then 
averaged to calculate initial weights of the finishing phase. The average initial weight was then 
used to calculate finishing phase performance. Final weights were calculated from hot carcass 
weights using a standard dressing percentage of 62% except in year 4. In year 4, weights were 
taken every two weeks due to fewer days on GrowSafe® automated feeding system (GrowSafe® 
Systems Ltd., Airdrie, Alberta, Canada). The final weight was taken 12 days before harvest at 
this time the performance data collection ended. Following the 2 week weigh schedule, allowed 
for a more accurate measurement of weight via regression analysis. To insure that weights 
were not altered by this method and consistent with the previous years’ results, the PROC 
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CORR procedure in SAS (SAS Inst., Inc., Cary NC) was used to correlate actual final weight and 
final weight from HCW /0.62. They correlated at 0.97 and weight was determined accurate. 
Individual daily feed intakes were recorded using the GrowSafe® automated feeding system. 
Average daily gains and feed conversion ratio (feed:gain) were than calculated from the 
recorded information. All years of the study conformed to Beef Improvement Federation’s feed 
intake guidelines (BIF, 2010). 
Calculation of Feed Efficiency 
Feed conversion ratio (FCR) was calculated as average DMI divided by ADG. Residual 
feed intake (RFI) was assumed to represent the residuals from a multiple regression model 
regressing DMI on ADG and BW0.75 with year as a fixed effect, pen as a random effect and breed 
of sire and dam as co-variants. Similarly, residual BW gain (RG) was assumed to represent the 
residuals from a multiple regression model regressing ADG on DMI and BW0.75 with year as a 
fixed effect, pen as a random effect and breed of sire and dam as co-variants. As cited by Berry 
and Crowley (2012), residual intake and BW gain (RIG) was calculated as the sum of -1 X RFI and 
RG, both standardized to a variance of 1. Multiplying RFI by -1 was to account for a negative RFI 
being favorable compared with a positive RG being favorable. Residual intake and BW gain is a 
linear function of both RFI and RG which in turn are linear functions of their component traits 
DMI, ADG, and BW0.75. Therefore, an alternative approach, if fixed effects, random effects, or 
co-variants are not included in the model to estimate either RFI or RG, is to use selection 
indexes to calculate the appropriate weighting of the component traits (Kennedy et al, 1993; 
van der Werf, 2004); the (co)variance components among DMI, ADG, and BW must be 
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estimated for inclusion in the selection index. Similarly, a restricted selection index could be 
used (Eisen, 1977). 
Carcass Data Collection  
At the end of the finishing phase, steers were transported via commercial trucking to 
Tyson, Inc. (Joslin, IL). At Tyson, they were harvested and carcass data was measured and 
recorded. Measurements were recorded for hot carcass weight (HCW) on day of harvest by 
University of Illinois trained personnel. Following a 24-h chill at -4C, 12th-13th rib fat thickness 
and marbling score were collected via Tyson USDA camera recording systems. Quality grade 
was then determined based on the standard marbling score scale (400, low choice; 500, 
average choice; 600, high choice). Yield grade was calculated using the equation [2.5 + 
(2.5*inches of BF) +(0.20*%KPH) + (0.0038*lbs of HCW) – (0.32*LD in square inches)] (Taylor, 
1994).  
Economic Analysis 
The price data from the year 2011 were gathered for feedstuffs, feeder calf, dressed 
beef, and grid premiums and discounts to represent current prices. Ingredient price for corn 
was collected from USDA annual commodity reports (NASS, 2012). Price for corn silage was 
calculated based on the following equation: (10 X price/bushel of corn) where price per bushel 
of corn which was $5.98/bushel. Ingredient price for wet corn gluten, mixed hay, dried distillers 
grains with solubles (DDGS) was collected from the Market News Service Report: corn belt 
region (USDA, 2011). Ingredient price for corn stalks was calculated using the following 
equation: [(price of hay x 1.16 tons) – (0.22 x price of ton of DDGS)] and the Corn Stover Pricer 
from Iowa State University (Busbey et al., 2011; 2012). This required gathering of average 
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fertilizer price from the DTN retail fertilizer trends (DTN 2011; 2012) and stock grinding price 
from the custom farming rates (Edwards et al., 2012). Feed costs derived for diet fed during 
finishing phase are shown in Table 3.1.  Feeder purchase price was calculated by regressing 
weekly feeder prices on associated feeder calf weights with PROC REG procedure in SAS. The 
result was the following equation: [346.19 + 0.896 x feeder calf weight (individual initial 
weight)]. The feeder calf weight and price used was obtained from the Market News Service 
Report (USDA, 2012a). Input costs included purchase price, feed costs, processing charge 
(medical/veterinary and labor) ($25/steer), yardage ($0.35 steer/d), and interest (8% Annual 
Percentage Rate; half the feed and all the cattle). Average dressed steer price was $155.61/45.4 
kg (USDA, 2012b). Average premiums and discounts (Table 3.2) were provided by USDA (2012c) 
were assessed to base price. Carcass value was calculated for each animal using actual HCW 
and associated premiums and discounts for carcass merit. Profit per steer was defined as the 
difference between carcass value and total input costs. Cost of gain ($/kg) per steer was 
determined through the division of finishing feed costs by finishing weight gained. 
Statistical Analysis 
Feed efficiency values were calculated using the PROC MIXED procedure of SAS (SAS 
Inst., Inc., Cary NC). Residual feed intake was calculated regressing DMI on ADG and BW0.75 with 
year as a fixed effect, pen as a random effect and breed of sire and dam as co-variants. This 
equation did not include backfat in the model because it didn’t significantly improve the RFI 
value. Backfat only reduced BIC (2566) and AIC (2536) by 40 and lowered the residual variance 
by just 3.5%. In addition, inclusion of backfat resulted in a lower heritability estimate of RFI. 
Residual BW gain was calculated regressing ADG on DMI and BW0.75 with year as a fixed effect, 
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pen as a random effect and breed of sire and dam as co-variants. The selection of this equation 
was also via statistical verification where AIC, BIC, and residual variance were not significantly 
decreased and when backfat was not significantly (P > 0.10) included when offered as a 
dependent variable. The selection of this equation was then consistent with the equation for 
RFI. Residual intake and BW gain and FCR were calculated from procedures listed in the 
calculation of feed efficiency values.  
Genetic and phenotypic data were analyzed using PROC MIXED in SAS (SAS Inst., Inc., 
Cary NC) to receive linear regression of the independent traits on FCR, RFI, RG, and RIG 
dependent traits. Year was a fixed effect, pen a random effect, and sire and dam breed model 
co-variants. Individual data was collected on each animal making animal the experimental unit. 
Simple phenotypic correlations were calculated among performance, carcass, and feed 
efficiency measurements using the PROC CORR procedure of SAS (SAS Inst., Inc., Cary NC). 
Genetic correlations were calculated using the multivariate analysis of traits in ASREML 
(Gilmour et al., 2006). The average genetic correlation of FCR, RFI, RG, and RIG were taken from 
the multivariate correlation analysis of other traits. Ranking of high, medium, and low feed 
efficiency groups were established calculation of the mean and standard deviation of steers and 
grouping them with ±0.5 SD from the mean. The low group was 0.5 SD lower than the mean, 
high group 0.5 SD higher than mean, and medium group encompassed those who fell in the 
middle. LSMEANS were calculated for all traits within the high, medium, and low groups and 
separated using the PDIFF option in PROC mixed (SAS Inst., Inc., Cary NC). Heritability estimates 
were calculated using the univariate analysis in ASREML (Gilmour et al., 2006) with a 3-
generation pedigree.  
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Results and Discussion 
Animal performance and characteristics as well as heritability estimates 
Mean, SD, minimum, and maximum values as well as heritability estimates for steer’s 
performance and feed efficiency characteristics are summarized in Table 3.3. Steers mean initial 
weight was 367 kg. The initial weight range was 175 kg to 573 kg. This range reflected the 
difference in days of age when initial weight was taken as well as normal calf crop variation due 
age and growth rate. When day of age was factored into initial weight, the range narrows to 
188 kg to 362 kg; however, this initial weight was not utilized in the calculation of other 
performance characteristics. Instead, year was used as a fixed effect in the data analysis to 
account for this difference in initial weight since steers were harvested on a common finish 
date within each year. Overall steers were the same days of age when sent to harvest (389 ± 18 
d). Steers gained 1.75 kg/d and ate 9.65 kg/d which resulted in an efficient feed to gain ratio 
(FCR) of 5.6 to 1. Mean, SD, minimum, and maximum values as well as heritability estimates for 
steer’s carcass and economic characteristics are summarized in Table 3.3. At slaughter, 70.6% 
of cattle were low choice or better with average marbling score of 454 units (“low choice”). This 
was higher than the current national average at 62% (USDA 2011b). As expected RFI, RG, and 
RIG had a mean of zero. Steers on average netted $26.24 in profit.  
Heritability estimates in Table 3.3 are similar to previous studies (Herd and Bishop, 
2000; Arthur et al., 2001; Robinson and Oddy, 2004; Berry and Crowley, 2012). The heritability 
of RIG was 0.22 ± 0.10 and was lower than its components RFI (0.38 ± 0.10) and RG (0.30 ± 
0.10). Berry and Crowley (2012) estimated RIG heritability to be higher at 0.36 ± 0.06 and the 
value fell between the estimates of its component traits. The review of carcass trait heritability 
by Utrera and Van Vleck (2004), confirmed the accuracy of the estimates of heritability of 
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carcass traits shown in Table 3.4. All heritabilities were within the range presented by Utrera 
and Van Vleck (2004), and when compared were above those average estimates. The 
heritability of economic traits including: feed costs in $/steer*d-1, cost of gain ($/kg), carcass 
value ($/steer), and profit ($/steer), were 0.56 ± 0.10, 0.15 ± 0.10, 0.62 ± 0.10, and 0.32 ± 0.10, 
respectively.  
Correlations of feed efficiency values and their relationship to each other 
The correlation and linear relationship of FCR, RG, RFI, and RIG is shown in Table 3.5. 
Reduction in DMI was utilized as an indicator trait of improved feed efficiency. It was not 
analyzed as a direct measure of efficiency because it only includes inputs and was highly 
correlated to output traits: ADG and FCR (Carstons and Tedeschi, 2006). Feed conversion ratio 
in terms of feed:gain was correlated (P < 0.05) to RFI at 0.37, RG at -0.71, and RIG at -0.64. The 
genetic correlation of FCR to RG and RIG was high at -0.97 and -0.95, respectively. This 
indicated that genetically selecting for FCR is very similar to selecting for RG and RIG. Selecting 
for FCR resulted in increased growth traits and therefore can be utilized as an effective measure 
in the feedlot (Schenkle et al., 2004). Caution should be exhibited when retaining in-herd 
replacements because they have the potential to exhibit increased mature weights and ADG 
(Herd and Bishop, 2000) requiring more inputs. Residual feed intake was phenotypically 
correlated (P < 0.05) to RG and RIG at -0.42 and -0.84, respectively and as RFI improved so did 
FCR, RG, and RIG. A ten percent phenotypic improvement in RG and RIG, improved RFI by 0.185 
and 0.689, respectively. The same ten percent improvement in FCR elicited an intermediate 
0.256 unit improvement in RFI. Genetically, RIG also had the highest correlation to RFI, followed 
by FCR and then RG. Residual intake and BW gain is highly correlated to its component traits 
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making it a useful feed efficiency tool. This is similar to the correlations among RIG and its 
component traits in the research by Berry and Crowley (2012).  
Correlations and effect of performance traits on feed efficiency values 
 Initial, final, and metabolic weights were all phenotypically correlated (P < 0.05) to FCR; 
however, linear response was limited as shown in Table 3.6. Average daily gain exhibited the 
highest phenotypic correlation (P < 0.05) at -0.64 meaning an improvement in FCR equaled and 
increase in ADG. A ten percent improvement in ADG allowed for 0.419 improvement in FCR. Dry 
matter intake increased as FCR increased and was phenotypically correlated at 0.26. Genetic 
correlations and regression coefficients revealed a similar effect with weight values having only 
a slight impact on FCR, and metabolic weight wasn’t significantly correlated. Average daily gain 
was genetically correlated at -0.80 while DMI was correlated at 0.24 to FCR. Selection of FCR 
doesn’t provide as distinct of an advantage for lowering the phenotypic DMI of cattle as it does 
for increasing ADG. In concurrence with performance results, FCR was correlated (P < 0.05) 
phenotypically with HCW at -0.06 (Table 3.7).  Genetically, yield grade was most correlated with 
FCR at -0.39 followed by LM area, and HCW. The slopes of genetic carcass values indicate an 
improvement in FCR when HCW and LM area are increased. In conclusion, these correlations 
prove that FCR is a good selection tool for production of cattle for the feedlot or as terminal 
sires. 
Table 3.6 showed that phenotypically RFI was correlated to only DMI (r = 0.45; P < 0.05), 
as expected. A unit increase in DMI yielded a phenotypic 0.42 unit increase in RFI. RFI also had a 
high genetic correlation to DMI (r = 0.87). The phenotypic value of RFI has been criticized by 
Kennedy et al. (1993) stating that RFI was phenotypically independent of production but not 
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necessarily genetically independent. Genetic correlations in this study revealed that RFI was 
slightly (r = -0.02) correlated to metabolic weight and was moderately correlated to final BW at 
0.34; however, there was no significant linear effect on RFI. There was also no genetic 
correlation to ADG. Effect of carcass traits (Table 3.7) resulted in low phenotypic correlations 
between RFI and LM area, yield grade, and backfat. Genetically, yield grade was correlated 
moderately to RFI at 0.50. Marbling was genetically correlated at 0.59, but the unit increase in 
marbling yielded a minimal linear increase in RFI. This did indicate that an increase in marbling 
is linked to an unfavorable RFI. An improvement in RFI, resulted in genetically lower backfat, 
larger LM area, and as a result a lower yield grade. These results are similar to previous studies 
by Nkrumah et al. (2007), Schenkel et al. (2004), and Richardson et al. (2001) except that this 
study resulted in a small genetic correlation to marbling score.  In conclusion, selection for an 
improvement in RFI could eventually lead to lighter cattle with increase in lean meat yield but 
may negatively affect marbling score.  
Residual BW gain was phenotypically correlated (P < 0.05) to ADG at 0.69 and 
genetically correlated to ADG at 0.72 (Table 3.6). A ten percent improvement in ADG yielded a 
phenotypic 0.033 improvement in RG. Yield grade and marbling both were phenotypically 
correlated to RG (P < 0.05) at a low -0.08 (Table 3.7). Hot carcass weight and LM area exhibited 
positive phenotypic and genetic correlations with RG; thus RG improved as they increased. 
Genetically, a ten percent improvement in both HCW and LM area resulted in 0.03 unit increase 
in RG. In conclusion, RG is very similar to selecting for FCR with cattle having increased growth 
being highly associated with ADG.  
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Residual intake and BW gain correlated phenotypically to ADG and DMI at 0.40 and -
0.27 and genetically at 0.17 and -0.59, respectively (Table 3.6). Phenotypically, a ten percent 
improvement in ADG improved RIG by 0.596. Therefore there was a desired increase in ADG 
along with a decrease in DMI as RIG was improved. Residual intake and BW gain also had a less 
negative genetic relationship to weight compared to RFI. These results were similar to those 
shown by Berry and Crowley (2012). The relationship of RIG and carcass traits is shown in Table 
3.7. Yield grade, backfat, and marbling were correlated (P < 0.05) phenotypically with RIG. This 
phenotypic correlation to marbling was not significant for either of the component traits of RIG. 
As these traits improved, they all linearly worsened RIG. Residual intake and gain was 
phenotypically correlated (P < 0.05) with LM area at 0.20 and to a lesser extent genetically at 
0.05.  Marbling was unfavorably correlated genetically to RIG at -0.59; however, it is important 
to note that the regression coefficient is low. Genetic selection of RIG appears to be effective 
after analyzing performance results; however, lowering of carcass marbling score may lower its 
appeal for use as a feed efficiency selection index.  
Relationship of economics to FCR, RFI, RG, and RIG are shown in Table 3.8. 
Phenotypically feed costs were most correlated (P < 0.05) with RFI at 0.45 (not shown). Residual 
feed intake was genetically correlated to DMI at 0.89 meaning RFI worsened as feed costs 
increased. Feed costs phenotypically decreased with a more desirable FCR and RIG. These 
results concurred with previous performance data since a decreased phenotypic DMI was 
similar to a favorable RFI and RIG. An improvement in cost of gain ($/kg) was shown to 
phenotypically improve all feed efficiency traits. Cost of gain ($/kg) was correlated (P < 0.05) 
highly (r = 0.84) with phenotypic FCR with every unit increase in cost of gain causing a 3.86 unit 
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increase in FCR.  A phenotypic (P < 0.05) correlation of -0.63,-0.58, and 0.35 was shown 
between cost of gain and RG, RIG, and RFI, respectively. Genetically, correlations between cost 
of gain and feed efficiency traits were high. Residual BW gain and RIG were favorably correlated 
with cost of gain at -0.97. Genetically, FCR was almost perfectly correlated to cost of gain at 
0.99. Cost of gain, both phenotypically and genetically, had the lowest correlation to RFI in 
comparison to all other feed efficiency traits. This indicated that RFI may not be the best 
feedlot model of efficiency. Carcass value, a weight driven value, was genetically correlated to 
FCR at 0.25 which was expected due to the correlation between FCR and weight. Interestingly, 
RFI was most genetically correlated to carcass value at 0.42 meaning that cattle genetically 
selected for an improved RFI will have lower carcass value possibility due to the unfavorable 
genetic correlation of HCW to RFI. Genetically, carcass value was correlated highest with RFI 
followed by FCR then RIG and RG. A phenotypic ten percent increase in carcass value equated 
to 0.06, 0.10, 0.02, and 0.11 increase in FCR, RFI, RG, and RIG, respectively. Improvement in all 
feed efficiency values was favorably correlated (P < 0.05) phenotypically and genetically with 
profit. Profit was phenotypically correlated (P < 0.05) the most with RG at 0.51 followed by FCR, 
RIG, and RFI. Specifically, profit was correlated with FCR and RG at -0.49 and 0.51, respectively. 
This indicated an increase in profit as FCR and RG improved with a ten percent increase in profit 
resulting in a 0.204 lower FCR and 0.005 higher RG. Phenotypically, profit was correlated to RFI 
at -0.21 and RIG at 0.42. A ten percent increase in profit allowed for a large 0.46 improvement 
in RIG and small 0.02 improvement in RFI. Profit was genetically correlated to RG at 0.63 so as 
profit increased RG improved. In conclusion, cost of gain was the economic factor that most 
influenced feed efficiency measure FCR, but RG and RIG were also highly influenced. Profit had 
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the most influence on feed efficiency values, RG and FCR, because they were highly correlated 
with ADG and weight. 
Group classification of steers based on feed efficiency values. 
Characteristics of steers based on a high, medium, or low ranking of RFI is shown in 
Table 3.9. Cattle in the low or most desirable RFI group did not differ significantly from their 
contemporaries in the medium and high group in weight (P ≥ 0.22) or gain (P = 0.94). Dry 
matter intake, as expected is 1.33 kg/d lower (P < 0.01) for the low vs. high RFI group. Steers in 
the low RFI group exhibited favorable (P < 0.01) backfat, LM area, and yield grade. Marbling was 
unfavorably linked to the low RFI group having a score of 447 vs. 463 of the high RFI group (P = 
0.04); however, marbling wasn’t significantly different when the low vs. medium RFI groups 
were compared.  The lowest feed costs and cost of gain were those steers in the low RFI group. 
Carcass value wasn’t affected (P = 0.34) by RFI ranking; however, profitability of the low RFI 
group was $29.51 more than medium RFI steers and $46.87 more than the high RFI group (P < 
0.01). Feed conversion ratio of the low RFI steers was lower, RG higher, and RIG higher (P < 
0.01).  
Residual BW gain ranking and characteristics are shown in Table 3.10. Initial weight, final 
weight, and ADG favored the high RG group (P < 0.01). Metabolic weight was phenotypically 
independent by design. Dry matter intake was (P < 0.01) improved for the low vs. medium RG 
group. While HCW and LM area were increased (P < 0.01) in the high RG group, they also had 
lower marbling scores. All feed efficiency values were (P < 0.01) improved in the high RG group. 
Feed costs did not differ from the high to low group, but cost of gain, carcass value, and profit 
favored (P < 0.01) the high RG group. Average profit was $64.48 for the high RG group which 
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was $91.56 greater than the low RG group (-$27.08 per steer). This emphasized the importance 
of RG and ultimately the impact of weight and gain on profitability in the feed yard.  
Residual intake and BW gain ranking is shown in Table 3.11. The combination value 
showed the most promise in reducing intake while maintaining the necessary gain to ensure 
profit. Those cattle in the high (best) RIG group started on feed 11 kg lighter (P = 0.03) than the 
low RIG group. They also had the highest ADG and this compensatory gain allowed them to 
finish at the heaviest HCW 353 kg (P < 0.01). This was similar to the increased ADG and higher 
carcass weight shown in Berry and Crowley (2012). Steers in the high group had the lower 
backfat, marbling scores, and yield grades as well as the higher LM area compared to the low 
group (P < 0.01). As in previous feed efficiency rankings, all feed efficiency variables favored the 
most desirable high RIG group.  This high RIG group also had the lowest feed costs at $1.88 per 
steer*d-1 and lowest cost of gain at $1.01 per kg. Carcass value was also on average $30.94 
more for the high RIG group compared to both the medium and low groups (P = 0.03). Profit 
per steer was $76.41 higher for the high RIG compared to the low RIG group (P < 0.01). In 
conclusion, RG had the largest improvement in profitability when comparing the high and low 
followed by RIG and RFI. 
Implications 
The RIG trait is moderately heritable and genetic selection for RIG is effective in 
reducing intake while improving gain; however, it did negatively impact carcass marbling score 
slightly. Correlations prove that FCR and RG are good selection tools for production of cattle for 
the feedlot since they are associated with increased growth and subsequently profitability. In 
the feedlot, cost of gain can be very important and was most influenced by FCR and as expected 
RG and RIG as well. Ultimately, when comparing selection for RIG and RG, RIG had a lower 
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profitability than RG according to cattle rank groups. Selection for an improvement in RFI 
reduced feed costs but could eventually lead to lighter cattle with increase in lean meat yield 
but may negatively affect marbling score genetically. Future research would involve the 
investigation of a selection index like RIG as it appears it may be the best option for herds 
marketing fed cattle and retaining replacement females since it would allow for similar 
performance in the feedlot as selecting for FCR, but without as much correlation to intake and 
growth. 
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Tables
Table 3.1 Composition of finishing diets, % DM and cost 
Item Diet Cost DM basis ($/kg) 
High Moisture Corn 40 0.27 
Wet Corn Gluten Feed 40 0.15 
Ground Stalks 5 0.16 
Corn Silage 5 0.20 
By-Product Supplement 10 0.32 
   Ground Corn 89.16  
   Urea 0.29  
   Limestone 7.27  
   Rumensin 801 0.17  
   Tylan 402 0.14  
   Salt 1.12  
   Copper Sulfate 0.06  
   Vitamin A, D, E3 0.11  
   Liquid Fat 1.68  
Diet Cost $/kg  1.10 
Calculated Analysis   
CP, % 13.57  
NEg, Mcal/kg 1.42  
Ca, % 0.67  
P, % 0.87  
1 Rumensin 33 g/1000 kg 
2 Tylan 11g/1000 kg  
3 Vitamin A=363 IU/kg, vitamin D=36 IU/kg, vitamin E=5 IU/kg 
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Table 3.2 Current average1 grid premiums and discounts ($/45.4 kg)23  
Item 1 2A4 2B4 3 4 5 
Prime 21.04 19.34 19.19 17.22 5.45 -2.95 
Average Choice 6.66 4.96 4.81 2.84 -8.93 -17.33 
Choice 3.82 2.12 1.97 0.00 -11.77 -20.17 
Select -4.37 -6.07 -6.22 -8.19 -19.96 -28.37 
12011 (USDA, 2012) 
2Average dressed beef price: 155.61/45.4 kg 2011 (USDA, 2012) 
3Hot carcass weight discounts: 182-226 kg, -$36.84; 227-249 kg, -$22.68; 250-272 kg, -$2.31 kg 
42A=2.00-2.49 yield grade, 2B=2.50-2.99 yield grade 
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Table 3.3 Raw mean performance and phenotypic SD as well as heritability estimate (h2) for 
the 736 steers in the genetic analysis 
Item Mean SD1 Minimum Maximum h2 (SE) 
  Initial BW, kg 367 63 175 573 0.66 (0.13) 
  Initial BW6, kg 280 29 188 362 -- 
  Metabolic BW, kg 100 8 72 129 0.73 (0.13) 
  Gain, kg d-1 1.75 0.28 0.74 2.56 0.49 (0.12) 
  DMI2, kg d-1 9.65 1.36 5.68 13.65 0.59 (0.12) 
  FCR5 5.60 0.98 3.37 10.90 0.33 (0.10) 
  RFI5 0.00 0.57 -1.98 2.11 0.38 (0.10) 
  RG35 0.00 0.17 -0.83 0.52 0.30 (0.10) 
  RIG45 0.00 1.69 -6.31 4.63 0.22 (0.10) 
1Standard deviation 
2DMI standardized to 12.45 ME/kg dm 
3Residual BW gain,  Predicted ADG = DMI + metabolic BW 
4Residual Intake and Gain, Calculated with RADG and RFI 
5Heritability average from multi-trait analysis  
6Initial BW based on days of age, not used for any further calculations 
7400 = Low Choice, 500 = Average Choice, 600  = high choice 
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Table 3.4 Raw mean carcass and economic traits and phenotypic SD as well as heritability 
estimate ( h2) for the 736 steers in the genetic analysis 
Item Mean SD Minimum Maximum h2  (SE) 
  HCW, kg 350 37 230 481 0.69 (0.13) 
  Backfat, cm 1.37 0.44 0.25 2.90 0.33 (0.11) 
  LM area, cm2 79.48 7.19 44.65 105.61 0.50 (0.12) 
  Marbling score2 454 88 270 789 0.59 (0.13) 
  Yield grade 3.19 0.75 1.5 5.74 0.53 (0.13) 
  Feed costs,     
  $/steer * d-1 
1.97 0.28 1.16 2.79 0.56 (0.12) 
  Cost of gain, $ kg 1.11 0.19 0.68 2.82 0.15 (0.10) 
  Carcass value,    
  $/steer 
1398 148.67 793.46 1870 0.62 (0.13) 
  Profit, $/steer 26.24 81.49 -256.93 253.98 0.32 (0.11) 
1Standard deviation 
2400 = Low Choice, 500 = Average Choice, 600  = high choice 
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Table 3.5 Correlations and linear relationships of feed efficiency values 
 Feed Conversion Ratio Residual Feed Intake Residual BW Gain Residual Intake 
and BW Gain 
Item Correlation Regression Correlation Regression Correlation Regression Correlation Regression 
Phenotypic  β1 SE
1  β1 SE
1  β1 SE
1  β1 SE
1 
FCR2 - - - 0.37* 0.34 0.03 -0.71* -0.24 0.003 -0.64* -2.05 0.05 
RFI3, kg 0.37* 0.58 0.04 - - -   -
0.42* 
-0.13 0.01 -0.84* -2.47 0.06 
RG4, kg -0.71* -3.61 0.05 -0.42* -1.37 0.11 - - - 0.84* 8.04 0.19 
RIG5 -0.64* -0.74  0.02 -0.84* -0.63 0.01 0.84* 0.19 0.005 - - - 
Genotypic             
FCR2 EBV - - - 
0.77 
(0.08) 
2.51 0.11 
  -0.97 
(0.01) 
-0.502 0.011 
-0.95 
(0.02) 
-1.39 0.027 
RFI3 EBV     0.77 
  (0.08) 
0.167 0.007 - - - -0.26 
(0.23) 
-0.072 0.005 -0.84 
(0.07) 
-0.349 0.008 
RG4 EBV 
-0.97 
(0.01) 
-1.49 0.032 
-0.26 
(0.23) 
-3.20 0.22 - - - 
 0.71 
(0.13) 
2.31 0.053 
RIG5 EBV -0.95 
(0.02) 
-0.560 0.01 -0.84 
(0.07) 
-2.11 0.045 0.71 
  (0.13) 
0.314 0.007 - - - 
1 Standard error of regression coefficient 
2Feed conversion ratio; feed to gain 
3Residual feed intake 
4Residual BW gain 
5Residual intake and BW gain 
- indicates  not significant P > 0.05 
*Indicates significant at  P < 0.05 
( ) Standard error of the correlation 
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Table 3.6 Correlations and linear regressions of performance traits on feed efficiency 
 Feed Conversion Ratio Residual Feed Intake Residual BW Gain Residual Intake and BW 
Gain 
Item Correlation Regression Correlation Regression Correlation Regression Correlation Regression 
Phenotypic  β1 SE
1  β1 SE
1  β1 SE
1  β1 SE
1 
Initial BW, kg 0.34* 0.003 0.0006 - - - -0.14* -
0.0008 
 
0.0002 
-0.08* -0.005 0.001 
Final BW3, kg -0.06*  -0.002 0.0005 - - - 0.16* 0.0005 0.0001 0.09* 0.003 0.001 
Metabolic BW, 
kg 
0.16* -0.002 0.0001 - - - - - - - - - 
Gain, kg/d -0.64* -2.30 0.08 - - - 0.69* 0.64 0.02 0.40* 3.28 0.24 
DMI4, kg/d 0.26* 0.08 0.03 0.45* 0.42 0.02 - - - -0.27* -0.45 0.05 
Genotypic             
Initial BW EBV 0.51  
(0.17) 
0.0006 0.0001 -0.16 
(0.14) 
0.001 0.0005 -0.16 
(0.20) 
- - -0.09 
(0.22) 
-
0.0005 
0.0002 
Final BW3 EBV 0.19 
(0.21) 
0.006 0.001 0.34 
(0.19) 
- - 0.28  
(0.18) 
- - -0.11 
(0.24) 
- - 
Metabolic BW 
EBV 
0.29 
(0.20) 
- - -0.02 
(0.16) 
0.01 0.003 0.10 
(0.18) 
0.002 0.0005 -0.11 
(0.23) 
- - 
Gain  EBV, -0.80 
(0.07) 
-0.439  0.022 0.42 
(0.21) 
- - 0.72 
(0.10) 
0.351 0.009 0.17 
(0.23) 
0.502 0.039 
DMI4  EBV 0.24 
(0.20) 
0.033 0.004 0.87 
(0.07) 
0.39   0.010 0.10 
(0.22) 
- - -0.59 
(0.14) 
-0.089 0.006 
1 Standard error of regression coefficient 
- indicates  Not Significant P > 0.05 
*Indicates significant at  P < 0.05 
( ) Standard error of the correlation 
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Table3.7 Correlations and linear regressions of carcass traits on feed efficiency 
 Feed Conversion Ratio Residual Feed Intake Residual BW Gain Residual Intake and BW 
Gain 
Item Correlation Regression Correlation Regression Correlation Regression Correlation Regression 
Phenotypic  β1 SE
1  β1 SE
1  β1 SE
1  β1 SE
1 
HCW, kg -
0.06* 
-0.002 0.0005 - - - 0.16* 0.0005 0.0001 0.09* 0.003 0.001 
Yield Grade -0.03  0.11 0.05 0.14* 0.19 0.04 -0.08* -0.03 0.01 -0.13* -0.49  0.11 
LM area, cm2 -0.07  -0.02 0.003 -0.12* -0.01 0.003 0.21* 0.006 0.0009 0.20* 0.05 0.009 
Backfat, cm - - - 0.10* 0.21 0.06 - - - -0.09* -0.51  0.18 
Marbling  0.06  0.0007 0.0003 - - - -0.08* -
0.0002 
 0 -0.09* -0.002  0.0008 
Genotypic             
HCW EBV 0.19 
(0.22) 
-
0.0007 
 0.0002 0.34 
(0.19) 
0.002 0.0006 0.27 
(0.19) 
0.001 0 -0.13 
(0.24) 
0.001 0.0003 
Yield Grade  
EBV 
-0.39 
(0.14) 
- - 0.50 
(0.18) 
0.511 0.09 -0.39 
(0.16) 
0.051 0.014 -0.53 
(0.18) 
- - 
LM area EBV -0.21 
(0.22) 
-0.052 0.014 -0.12 
(0.18) 
- - 0.32 
(0.21) 
0.068 0.008 0.05 
(0.27) 
0.126 0.022 
Backfat EBV -0.07 
(0.19) 
-0.622 0.162 0.38 
(0.20) 
1.91  0.63 -0.09 
(0.20) 
0.659 0.092 -0.30 
(0.25) 
0.611 0.257 
Marbling  
EBV 
0.44 
(0.19) 
- - 0.59 
(0.15) 
0.002 0.0006 -0.32 
(0.21) 
- - -0.59 
(0.18) 
-
0.0005 
0.0002 
1 Standard error of regression coefficient 
- indicates  not significant P > 0.15 
*Indicates significant at  P < 0.05, no * in correlation column is tendency P < 0.15 
( ) Standard error of the correlation 
94 
 
 
  
Table 3.8 Correlations and linear regressions of economic traits on feed efficiency 
 Feed Conversion Ratio Residual Feed Intake Residual BW Gain Residual Intake and BW 
Gain 
Item Correlation Regression Correlation Regression Correlation Regression Correlation Regression 
Phenotypic  β1 SE
1  β1 SE
1  β1 SE
1  β1 SE
1 
Feed Costs, 
$/steer * d-1 
0.26*  0.38 0.15 0.45* 2.07 0.09 - - - -0.27* -2.18 0.25 
Cost of 
gain, $/kg 
0.84* 3.86 0.10 0.35* 1.11 0.11  -0.63* -0.90 0.03 -0.58* -7.84 0.30 
Carcass 
Value,  
$/steer 
-0.03 -
0.0006 
 
0.0002 
- - - 0.15* 0.0002 0 0.10* 0.001 0.0004 
Profit, 
$/steer 
-0.49* -0.004 0.0003 -0.21* -0.002 0.0003 0.51* 0.0001 0 0.42* 0.009 0.0007 
Genotypic             
Feed Cost 
EBV 
0.01 
(0.17) 
0.36 0.05 0.89 
(0.05) 
4.40  0.12 0.16 
(0.21) 
- - -0.48 
(0.18) 
-1.00 0.07 
Cost of gain 
EBV 
0.99 
(0.01) 
11.77 0.320 0.75 
(0.10) 
36.98 1.58 -0.97 
(0.04) 
-6.96 0.179 -0.97 
(0.05) 
-19.69 0.440 
Carcass 
Value EBV 
0.25 
(0.23) 
-
0.0003 
0.0001 0.42 
(0.19) 
0.001 0.0004 0.19 
(0.21) 
0.0005 0.0001 -0.23 
(0.25) 
0.0005 0.0002 
Profit EBV -0.50 
(0.19) 
-0.004 0.003 0.30 
(0.26) 
-0.007 0.001 0.63 
(0.15) 
0.003 0.0001 0.16 
(0.28) 
0.006 0.0004 
1 Standard error of regression coefficient 
- indicates  Not Significant P > 0.05 
*Indicates significant at  P < 0.05 
( ) Standard error of the correlation 
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Table 3.9 Least square means for all traits (n = 736) ranked high, medium, and low for residual 
feed intake  
 Residual feed intake1   
 High Medium Low   
Item 1 2 3 SE2 P-value3 
  Initial BW, kg 379 373 378 3 0.22 
  Final BW4, kg 567 560 565 4 0.31 
  Metabolic BW, kg 101 100 101 0.60 0.2176 
  Gain, kg d-1 1.73 1.72 1.72 0.02 0.94 
  DMI5, kg d-1 10.28a 9.52b 8.95c 0.16 <0.0001 
  HCW, kg 352 347 351 2.72 0.31 
  Backfat, cm 1.39a 1.33b 1.25c 0.03 0.0001 
  LM area, cm2 79.01a 79.39a 81.30b 0.48 0.001 
  Marbling score 463a 446b 447b 6 0.04 
  Yield grade 3.27a 3.14b 2.97c 0.04 <0.0001 
  FCR6 6.08a 5.65b 5.35c 0.12 <0.0001 
  RFI7 0.66a -0.02b -0.65c 0.02 <0.0001 
  RG8 -0.09a 0.00b 0.09c 0.01 <0.0001 
  RIG9 -1.66a 0.05b 1.62c 0.07 <0.0001 
  Feed costs,     
  $/steer * d-1 
2.10a 1.95b 1.83c 0.03 <0.0001 
  Cost of gain, $/kg 1.20a 1.11b 1.05c 0.03 <0.0001 
  Carcass value,    
  $/steer      
1402.90 1390.17 1408.18 10.90 0.34 
  Profit, $/steer 3.13a 20.49b 50.00c 6.5 <0.0001 
a-cLeast square means within a row with different superscripts differ (P < 0.05).  
1Residual intake and BW gain group derived by dividing the data set equally into groups based on 
residual intake and BW gain 
2Pooled standard error of the mean 
3Significance of group effect 
4Final weight=hot carcass weight*0.62 
5DMI standardized to 12.45 ME/kg dm  
6 Feed conversion ratio (feed:gain) 
7 Residual feed intake  
8 Residual BW gain 
9 Residual intake and BW gain 
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Table 3.10 Least square means for all traits (n = 736) ranked high, medium, and low for 
residual BW gain  
 Residual BW gain1   
 High Medium Low   
Item 1 2 3 SE2 P-value3 
  Initial BW, kg 366a 378b 385b 3 <0.0001 
  Final BW4, kg 573a 567a 550b 4 <0.0001 
  Metabolic BW,      
  Kg 
100 101 100 0.60 0.4271 
  Gain, kg d-1 1.92a 1.74b 1.50c 0.02 <0.0001 
  DMI5, kg d-1 9.55ab 9.66a 9.46b 0.17 0.05 
  HCW, kg 355a 352a 341b 2.6 <0.0001 
  Backfat, cm 1.30 1.32 1.35 0.03 0.29 
  LM area, cm2 81.67a 79.78b 77.99c 0.48 <0.0001 
  Marbling score 442a 451ab 463b 6.03 0.03 
  Yield grade 3.05a 3.14ab 3.20b 0.04 0.02 
  FCR6 5.03a 5.61b 6.45c 0.11 <0.0001 
  RFI7 -0.31a 0.04b 0.27c 0.04 <0.0001 
  RG8 0.20a 0.00b -0.21c 0.006 <0.0001 
  RIG9 1.64a -0.10b -1.67c 0.07 <0.0001 
  Feed costs,     
  $/steer * d-1 
1.95 1.98a 1.93b 0.03 0.05 
  Cost of gain,    
  $/kg 
1.01a 1.11b 1.26c 0.02 <0.0001 
  Carcass value,    
  $/steer 
1419.85a 1407.02a 1367.13b 10.67 0.0003 
  Profit, $/steer 64.48a 22.61b -27.08c 5.81 <0.0001 
a-cLeast square means within a row with different superscripts differ (P < 0.05).  
1Residual intake and BW gain group derived by dividing the data set equally into groups 
based on residual intake and BW gain 
2Pooled standard error of the mean 
3Significance of group effect 
4Final weight=hot carcass weight*0.62 
5DMI standardized to 12.45 ME/kg dm  
6 Feed conversion ratio (feed:gain) 
7 Residual feed intake  
8 Residual BW gain 
9 Residual intake and BW gain 
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Table 3.11 Least square means for all traits (n = 736) ranked high, medium, and low for 
residual intake and BW gain 
 Residual intake and BW gain group1   
 High Medium Low   
Item 1 2 3 SE2 P-value3 
  Initial BW, kg 371a 377ab 382b 3.28 0.03 
  Final BW4, kg 570a 563ab 559b 4.30 0.09 
  Metabolic BW,      
  Kg 
101 100 100 0.60 0.9799 
  Gain, kg d-1 1.85a 1.72b 1.60c 0.02 <0.0001 
  DMI5, kg d-1 9.21a 9.55b 9.93c 0.16 <0.0001 
  HCW, kg 353a 349ab 346b 2.66 <0.0001 
  Backfat, cm 1.27a 1.32a 1.39b 0.03 0.002 
  LM area, cm2 81.56a 79.63b 78.40c 0.47 <0.0001 
  Marbling score 448a 443a 467b 5.94 0.005 
  Yield grade 3.01a 3.13b 3.26c 0.04 <0.0001 
  FCR6 5.07a 5.63b 6.35c 0.12 <0.0001 
  RFI7 -0.54a -0.01b 0.58c 0.03 <0.0001 
  RG8 0.17a -0.005b -0.17c 0.008 <0.0001 
  RIG9 1.87a -0.007b -1.97c 0.05 <0.0001 
  Feed costs,     
  $/steer*d-1 
1.88a 1.95b 2.03c 0.03 <0.0001 
  Cost of gain, 
$/kg 
1.01a 1.11b 1.24c 0.03 <0.0001 
  Carcass value,    
  $/steer 
1419.94a 1393.84b 1385.61b 10.69 0.03 
  Profit, $/steer 62.39a 15.56b -14.02c 6.49 <0.0001 
a-cLeast square means within a row with different superscripts differ (P < 0.05).  
1Residual intake and BW gain group derived by dividing the data set equally into groups 
based on residual intake and BW gain 
2Pooled standard error of the mean 
3Significance of group effect 
4Final weight=hot carcass weight*0.62 
5DMI standardized to 12.45 ME/kg dm  
6 Feed conversion ratio (feed:gain) 
7 Residual feed intake  
8 Residual BW gain 
9 Residual intake and BW gain 
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Abstract 
A 4-year study was conducted utilizing 736 steers of known Angus, Simmental, or 
Simmental x Angus genetics to determine performance, carcass, and feed efficiency factors 
explaining variations in economic performance. Steers were pen-fed and individual DMIs were 
recorded using the GrowSafe® automated feeding system (GrowSafe® Systems Ltd., Airdrie, 
Alberta, Canada). Steers consumed a similar diet and received similar management each year. 
Feed efficiency values investigated were: feed conversion ratio (FCR), residual feed intake (RFI), 
residual BW gain (RG), and residual BW gain and intake (RIG). All feed efficiency values were 
correlated (P < 0.05) favorably with profit per steer. Carcass value was correlated (P < 0.05) 
with RG and RIG and a ten percent improvement in RIG yielded $22.55 increase in value. 
Dependent variables were carcass value, profit per steer, feed costs per steer*d-1, and cost of 
gain ($/kg). Independent variables were year, DMI, ADG, HCW, LM area, marbling, yield grade, 
dam breed, and sire breed. The model for carcass value explained 96% of the variation among 
carcasses and included HCW, MS, and yield grade. Average daily gain, marbling score, yield 
grade, DMI, HCW, and year born constituted 81% of the variation for the prediction equation 
for profit. Variation in cost of gain was mainly explained by ADG and DMI. Next, prediction 
equations were developed that excluded ADG and DMI and included feed efficiency values. 
Cost of gain was explained primarily by FCR (r2 = 0.71). Seventy-three percent of profitability 
was explained by the calculated prediction equation; RG and marbling made up 55% of this 
total explained variation. These models represent the relative importance of factors 
contributing to economic success in feedlot cattle based on current prices.  
Key words: feedlot cattle, economics, feed efficiency, carcass characteristics, performance 
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Introduction 
 The economic structure of the beef feedlot industry has been drastically impacted by 
the recent record setting input costs and cattle prices. The five-year-average pricing scheme no 
longer is representative of current economic structure.  In order to be representative of current 
economic status, the most current prices should be used. Beyond the largely influential 
increase in feed costs and purchase price, other components of the feedlot will alter the 
economic status of the operation. These components can be defined as: sex, genetics, implants, 
health, initial BW, diet, days on feed, performance, feedstuffs, grid prices, end point criteria, 
pen conditions, weather, and seasonality (Pritchard, 1999; Mark et al., 2000). The relationship 
between performance, carcass, and feed efficiency characteristics will impact feedlot 
economics. Understanding the relative risk factors contributing to profit differences provides 
cattle producers with important information to help make more cost effective decisions 
regarding management and marketing (Schroeder et al., 1993). Pyatt et al. (2005) reported that 
a model including HCW, marbling score, and yield grade accounted for nearly 80% of the 
variation in carcass value. Previous studies have shown that pen profit differences are primarily 
constituted by feeder-calf price, fed-cattle price, and feed costs regardless of production and 
management variables (Shroeder et al. 1993, Pritchard, 1999, Mark et al., 2000). The current 
study was conducted to evaluate the influence of performance, carcass, and feed efficiency 
traits of steers marketed in a grid-based system with similar management practices, diets, and 
genetic make-up. The objectives were to 1) relate performance and carcass characteristics to 
four important economic areas of the feedlot: carcass value, profit, cost of gain ($/kg), and feed 
costs ($/steer *d-1) and 2) examine the interaction of four feed efficiency traits: Feed 
conversion ratio in terms of feed to gain (FCR), residual feed intake (RFI), residual BW gain (RG), 
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and residual intake and BW gain (RIG) with carcass characteristics and defined economic areas 
using current prices. 
Materials and Methods 
Experimental Animals 
 A 4-year study was conducted utilizing 736 steers of known Angus, Simmental, or 
Simmental x Angus genetics to determine performance, carcass, and feed efficiency factors 
explaining variations in economic performance. Economic values included: carcass value, profit, 
cost of gain ($/kg), and feed costs ($/steer *d-1). Animals used in this trial were managed 
according to the guidelines recommended in Guide for the Care and Use of Agricultural Animals 
in Agricultural Research and Teaching (1988). Experimental protocols were submitted and 
approved by the Institutional Animal Care and Use Committee. Calves were a result of AI 
matings between Angus (n = 61), Simmental (n = 14), and 50% Angus 50% Simmental (n = 7) 
bulls and Angus (n = 224), 75% Angus (n = 121), 50% Angus (n = 288), and 75% and higher 
Simmental (n = 103) cows. Cows were managed at the Dixon Springs Agricultural Research 
Center (Simpson, IL).  
Management and Diets 
Calves were early weaned at 78 ± 24 d of age and shipped to University of Illinois Beef 
and Sheep Unit in Urbana, IL via commercial trucking. They were vaccinated with the following: 
Bovishield Gold FP5 L5 HB (Pfizer, Exton, PA), given for prevention of infectious bovine 
rhinotracheitis, bovine viral diarrhea types 1 and 2, parainfluenza-3, bovine respiratory syncytial 
virus, and leptospirosis; One Shot Ultra 7 (Pfizer, Exton, PA) for prevention of blackleg, 
malignant edema, black disease, gasgangrene, enterotoxemia and enteritis, and bovine 
pneumonia; Pulmo-Guard MpB (AgriLabs, St Joseph, MO) given for the prevention of 
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mycoplasm bovis.  Steers were dewormed with Eprinex (Merial, Duluth, GA) pour-on and 
equipped with an electronic identification tag. Steers were implanted with a Component TE-IS 
with Tylan implant (120 mg trenbolone acetate, 24 mg estradiol, 29 mg tylosin; Vetlife, 
Overland Park, KS) 14 weeks after weaning and re-implanted with a Component TE-S with Tylan 
(80 mg trenbolone acetate, 16 mg estradiol USP, 29 mg tylosin; Vetlife, Overland Park, KS) 
implant at the beginning of the finishing phase (12 weeks after the first implant). After weaning, 
steers were adapted to 18% crude protein growing diet. They were pen fed this common 
growing diet for 170 d until the initiation of finishing phase.  At the beginning of the finishing 
phase, steers were consuming the finishing diet shown in Table 4.1. This diet was fed each of 
the four years of the trial. Steers were fed once daily with ad libitum access to feed.  Dry matter 
intakes were standardized to the average ME of the all the year’s diets which was 12.45 MJ ME 
kg/DM. This was done by multiplying total DMI of the animal by the specific year’s diet ME (MJ 
ME kg/DM). Total energy intake was then divided by 12.45 to give total DMI standardized to the 
average energy density. This allowed for adjustment of slight year to year variation in ME 
intake. Cattle were on trial for 138 days in year 1, 111 days in year 2, 97 days in year 3, and 69 
days in year 4. Though days on trial differed, cattle had similar days on feed at 150 d. For all 
years, cattle were sent to harvest at 389 ± 18 d of age. Steers were harvested as one group each 
year to eliminate any variation of days on feed within any given year. 
Performance Data Collection 
At the initiation of each year’s finishing phase, empty weight measurements were taken 
on two consecutive days except in year 4. These weights were then averaged to calculate initial 
finishing phase weights. The average initial weight was then used to calculate finishing phase 
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performance. Final weights were calculated from hot carcass weights using a standard dressing 
percentage of 62% except in year 4. In year 4, weights were taken every two weeks due to 
fewer days on GrowSafe® automated feeding system (GrowSafe® Systems Ltd., Airdrie, Alberta, 
Canada). The final weight was taken 12 days before harvest at this time the performance data 
collection ended. Following the 2 week weigh schedule allowed for a more accurate 
measurement of weight via regression analysis. To insure that weights were not altered by this 
method and consistent with the previous years’ results, the PROC CORR procedure in SAS (SAS 
Inst., Inc., Cary NC) was used to correlate actual final weight and final weight from HCW /0.62. 
They correlated at 0.97 and weight was determined accurate. Individual daily feed intakes were 
recorded using the GrowSafe® automated feeding system. Average daily gains and feed 
conversion ratios (feed:gain) were than calculated from the recorded information. All years of 
the study conformed to Beef Improvement Federation’s feed intake guidelines (BIF, 2010). 
Calculation of Feed Efficiency 
Feed conversion ratio was calculated as average DMI divided by ADG. Residual feed 
intake (RFI) was assumed to represent the residuals from a multiple regression model 
regressing DMI on ADG and BW0.75 with year as a fixed effect, pen as a random effect and breed 
of sire and dam as co-variants. Similarly, RG was assumed to represent the residuals from a 
multiple regression model regressing ADG on DMI and BW0.75 with year as a fixed effect, pen as 
a random effect and breed of sire and dam as co-variants. As cited by Berry and Crowley (2012), 
RIG was calculated as the sum of -1 X RFI and RG, both standardized to a variance of 1. Residual 
feed intake was multiplied by -1 to account for a negative RFI being favorable compared with a 
positive RG being favorable. The RIG is a linear function of both RFI and RG which in turn are 
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linear functions of their component traits DMI, ADG, and BW0.75. Therefore, an alternative 
approach, if fixed effects, random effects, or co-variants are not included in the model to 
estimate either RFI or RG, is to use selection indexes to calculate the appropriate weighting of 
the component traits (Kennedy et al, 1993; van der Werf, 2004); the (co)variance components 
among DMI, ADG, and BW must be estimated for inclusion in the selection index. Similarly, a 
restricted selection index could be used (Eisen, 1977). 
Carcass Data Collection  
At the end of the finishing phase, steers were transported via commercial trucking to 
Tyson, Inc. (Joslin, IL). At Tyson, they were harvested and carcass data was measured and 
recorded. Measurements were recorded for HCW on day of harvest by University of Illinois 
trained personnel. Following a 24-h chill at -4C, 12th-13th rib fat thickness and marbling score 
were collected via Tyson USDA camera recording systems. Quality grade was then determined 
based on the standard marbling score (400, low choice; 500, average choice; 600, high choice). 
Yield grade was calculated using the equation [2.5 +(2.5*inches of BF) +(0.20*%KPH) + 
(0.0038*lbs of HCW) – (0.32*LD in square inches)] (Taylor, 1994).  
Economic Analysis 
The price data from the year 2011 were gathered for feedstuffs, feeder calf, dressed 
beef, and grid premiums and discounts to represent current prices. Ingredient price for corn 
was collected from USDA annual commodity reports (NASS, 2012). Price for corn silage was 
calculated based on the following equation: (10 X price/bushel of corn) where price per bushel 
of corn which was $5.98/bushel. Ingredient price for wet corn gluten, mixed hay, dried distillers 
grains with solubles (DDGS) was collected from the Market News Service Report: Corn Belt 
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region (USDA, 2011a). Ingredient price for corn stalks was calculated using the following 
equation: [(price of hay x 1.16 tons) – (0.22 x price of ton of DDGS)] and the Corn Stover Pricer 
from Iowa State University (Busbey et al., 2011; 2012). This required the gathering of average 
fertilizer price from the DTN retail fertilizer trends (DTN 2011; 2012) and stock grinding price 
from the custom farming rates (Edwards et al., 2012). Feed costs derived for diet fed during 
finishing are shown in Table 4.1.  Feeder purchase price was calculated by regressing weekly 
feeder prices on associated feeder calf weights with PROC REG procedure in SAS. The result was 
the following equation: [346.19 + 0.896 x feeder calf weight (individual initial weight)]. The 
feeder calf weight and price used was obtained from the Market News Service Report (USDA, 
2012a). Input costs included purchase price, feed costs, processing charge (medical/veterinary 
and labor) ($25/steer), yardage ($0.35 steer/d), and interest (8% Annual Percentage Rate; half 
the feed and all the cattle). Average dressed steer price was $155.61/45.4 kg (USDA, 2012b). 
Average premiums and discounts (Table 4.2) were provided by USDA (2012c) were assessed to 
base price. Carcass value was calculated for each animal using actual HCW and associated 
premiums and discounts for carcass merit. Profit per steer was defined as the difference 
between carcass value and total input costs. Cost of gain ($/kg) per steer was determined 
through the division of finishing feed costs by finishing weight gained. 
Statistical Analysis 
Feed efficiency values were calculated using the PROC MIXED procedure of SAS (SAS 
Inst., Inc., Cary NC). Residual feed intake was calculated regressing DMI on ADG and BW0.75 with 
year as a fixed effect, pen as a random effect and breed of sire and dam as co-variants. This 
equation did not include backfat in the model because it didn’t significantly improve the RFI 
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value. Backfat only reduced BIC (2566) and AIC (2536) by 40 and lowered the residual variance 
by just 3.5%. In addition, inclusion of backfat resulted in a lower heritability estimate of RFI. 
Residual BW gain was calculated regressing ADG on DMI and BW0.75 with year as a fixed effect, 
pen as a random effect and breed of sire and dam as co-variants. The selection of this equation 
was also via statistical verification where AIC, BIC, and residual variance were not significantly 
decreased and when backfat was not significantly (P > 0.10) included when offered as a 
dependent variable. The selection of this equation was then consistent with the equation for 
RFI. Residual intake and BW gain and FCR were calculated from procedures listed in the 
calculation of feed efficiency values.  
Data were analyzed using the stepwise option of PROC REG in SAS (SAS Inst., Inc., Cary 
NC) to determine regression intercept, slope, and model fit (R2) to explain variation within each 
pricing scenario. Individual steer was used as the experimental unit for performance, carcass, 
feed efficiency and economic measurements. When evaluating performance and carcass effects 
on dependent variables, independent variables used in the model included year, DMI, ADG, 
HCW, LMA, marbling, yield grade, dam breed, and sire breed. When evaluating feed efficiency 
and carcass effects on dependent variables, independent variables included: year, FCR, RFI, RG, 
RIG, HCW, LMA, marbling, yield grade, dam breed, and sire breed. Year accounted for year-to-
year variation in animal measurements such as performance (including initial weight), days on 
feed, and carcass merit in response to slight differences in environmental and management 
factors. Linear and quadratic terms were evaluated for performance and carcass 
measurements. Dependent variables used in the model included carcass value ($/steer), profit 
($/steer), feed costs ($/steer*d-1), and cost of gain ($/kg). When analyzing feed efficiency and 
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carcass independent variables, the dependent variable feed costs was not included since it was 
completely explained by DMI. Cross-validation within the data set was utilized to determine 
that the predictive model equations were accurate. Equations were validated by randomly 
extracting two-thirds of the whole data set using it as the training set and the other third as the 
validation set. Cross-validation was successful; then data set was combined and utilized as a 
whole for analysis. Simple correlations were calculated among performance, carcass, and feed 
efficiency measurements using the PROC CORR procedure of SAS. 
Results and Discussion 
Mean, SD, minimum, and maximum values for steers performance and carcass 
measurements are summarized in Table 4.3. Steers mean initial weight was 367 kg. The initial 
weight range was 175 kg to 573 kg. This range reflected the difference in days of age when 
initial weight was taken as well as normal calf crop variation due to age and growth rate.  Year 
was used as a fixed effect in the data analysis to account for this. Steers were harvested in one 
group each year to avoid within year variation of days on feed. Steers gained 1.75 kg/d and ate 
9.65 kg/d which resulted in an efficient FCR of 5.6 to 1. At slaughter, 70.6% of cattle were low 
choice or better with average marbling score being “low choice” at 454 units. This was higher 
than the current national average at 62% (USDA 2011b). As expected, RFI, RG, and RIG had a 
mean of zero. On average, steers netted $26.24 in profit. The linear correlations among these 
traits are shown in Table 4.4. 
A unit improvement in FCR resulted in a decrease of $0.19/kg in cost of gain (Table 4.5). 
A unit improvement in RG resulted in a decrease in cost of gain of $0.64/kg. A unit 
improvement in RFI equaled a $0.11/kg decrease in cost of gain. A unit improvement in RIG 
resulted in a $0.06/kg decrease in cost of gain. Feed conversion ratio was significantly (P < 0.05) 
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correlated at 0.85 to cost of gain (not shown). The correlations of RG and RIG with cost of gain 
(P < 0.05) were -0.63 and -0.58, respectively (not shown). The economic value of a ten percent 
improvement in feed efficiency is shown in Table 4.6. A ten percent improvement in FCR, RFI, 
RG, and RIG allowed for a 0.14, 0.05, 0.09, 0.07 $/kg reduction in cost of gain, respectively. 
Residual BW gain increased feed costs while FCR, RFI, and RIG reduced feed costs $/steer x d-1. 
Feed costs were reduced the most at -$0.09/steer x d-1 when a ten percent improvement in RFI 
was evaluated. Feed costs were positively correlated with RFI at 0.45 (P < 0.05) meaning a more 
desirable RFI reduced daily feed costs (not shown). Carcass value was significantly increased 
with improvements in FCR, RG, and RIG, but RFI had no significant effect on carcass value. A ten 
percent improvement in RIG improved carcass value the most at $10.15 per animal. This 
improvement in carcass value was less than that of its RG component at $17.92, but more than 
the non-significant effect of the RFI component.  This led to the inference that a selection index 
combining both intake and gain may be a good option to increase carcass value while 
decreasing feed costs. The linear relationship of profitability increased 231.16 for every full unit 
change in RG; however, the range of RG only encompassed 1.35 units. A ten percent 
improvement in feed efficiency showed that profitability favored FCR at the largest increase of 
$34.65 per animal. Selection for RG was second at $31.21 and RIG gathered $21.66 profit per 
animal. A ten percent improvement in RFI had the least impact on profitability at $11.47 per 
animal. This is not surprising given it also had the lowest correlation at -0.21 (P < 0.05) with 
profitability meaning a more desirable or lower RFI affects profitability positively, but the 
impact of the other feed efficiency measures were more profound. RFI was correlated at 0.45 
to DMI (Table 4.4). However, RFI was calculated phenotypically independent of weight so 
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therefore mainly was associated with profitability due to decreased feed costs. Residual feed 
intake decreased feed costs the most as expected since DMI is perfectly correlated to feed costs 
and 45% of the variation in RFI is explained by DMI. Dry matter intake was correlated to HCW 
and ADG at 0.54 indicating that cattle that finish at a heavier weight in will eat more.  
The current economic impact of performance and carcass characteristics 
Results of a multiple-variable stepwise regression analysis of performance and carcass 
measurement on carcass value are shown in Table 4.7. Note that feed efficiency values were 
not included in the prediction equations represented in Table 4.7 as to not confound results 
with traits that are highly correlated. Independently, HCW explained 86% of the variation in 
carcass value. A minor amount (r2 ≥ 0.10) was accounted for by marbling score and yield grade. 
The model estimating carcass value explained 96% of variation among carcasses. Pyatt et al. 
(2005) accounted for 52% of the variation with HCW. They obtained an equation that included 
HCW, marbling score, and yield grade which accounted for 80% of the variation in carcass 
value. Similary, Bishop et al. (2002) reported that a model including HCW, LM area, backfat, and 
marbling score accounted for 76% of carcass value differences. The increase in variation that 
HCW explained in this study is due in part to the current economic increase in price per kg of 
HCW.  
The prediction of profit incorporated more performance and carcass traits shown in 
Table 4.8. Quadratic ADG explained 40% of the variation meaning that there is an optimum 
ADG at which profitability is maximized. Trenkle (2000) reported that increasing cattle gain 
should have the greatest impact on net carcass value. In concurrence, Tatum et al. (2012) 
stated that carcass-based ADG and days on feed, due to their combined effects on total amount 
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of carcass weight gained during finishing, were the 2 most important determinants of the value 
of carcass gain and the second and third most important contributors to net return of the 
animal. Contrary, Pyatt et al (2005) did not show that ADG significantly influenced profitability 
probably due to the fact that HCW, the primary factor affecting profitability, was highly 
correlated with ADG (r = 0.84). In this study, HCW was significantly (P < 0.05) correlated to ADG 
at 0.54. Yield grade, HCW, and quadratic DMI accounted for 15, 6, and 4% of profitability, 
respectively. In agreement, variables associated with carcass grid price also contributed (P < 
0.01) to differences in value of carcass gain; however, amount of value added per unit of 
carcass gain was more strongly driven by increased weight than by carcass grade performance 
(Tatum et al., 2012). The inclusion of DMI indicated that feed costs explained a minor portion of 
profit variability. This is in contrast to Pyatt et al. (2005) and is likely due to the rise in feed 
input costs in the last 6 years. Year born, mainly initial weight differences, and HCW contributed 
an additional 2%. Overall the independent regression analysis explained 81% of profit 
variability. Gardner et al. (1996) found medical costs, dressing percentage, marbling score, DMI, 
days on feed, backfat, and initial BW explained 82% of the variation in net returns among 
Continental-sired steers. The independent regression analysis for predicting cost of gain per kg 
explained 85% of total animal variation as seen in Table 4.9. Dry matter intake alone accounted 
for 54% of this variation while 27% was explained by ADG. Year born and HCW contributed a 
minor (r2 ≤ 0.04) amount of variation in cost of gain. All variation in feed costs was explained 
fully by DMI alone (Table 4.10).  
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The current economic impact of feed efficiency and carcass characteristics  
The relationship of feed efficiency variables and other dependent variables is shown in 
Table 4.4. The simple linear correlations showed that FCR was significantly correlated to ADG, 
DMI, and LM area (P < 0.05). An increase in ADG and LM area along with a decrease DMI caused 
FCR to improve. Residual feed intake was (P < 0.05) correlated with DMI at 0.45, LM area at -
0.12, and yield grade at 0.14. Residual gain was highly correlated (P < 0.05) at 0.67 with ADG. It 
was also (P < 0.05) correlated to all represented carcass traits. Residual intake and BW gain was 
positively (P < 0.05) correlated with ADG at 0.40 and negatively correlated with DMI at -0.27 (P 
< 0.05). Based on correlations RIG improved (P < 0.05) when there was an increase in HCW and 
LM area and a decrease in marbling score and yield grade.  
Feed efficiency values (FCR, RFI, RG, and RIG) had no influence on carcass value as 
shown in Table 4.11. Residual gain independently contributed 26% of variation in profit (Table 
4.12). Residual gain and marbling score accounted for a moderate amount (r2 ≥ 0.54) of 
profitability in the feedlot when combined. Other carcass characteristics including LM area and 
HCW explained a minor proportion (r2 ≥ 0.10) of profit variability. Feed conversion ratio and 
year born defined 6 and 2%, respectively, of the total 73% variation explained as a result of the 
regression analysis. Table 4.13 shows the value of feed efficiency and the impact it can have on 
the feedlot cost of gain ($/kg). Albright et al. (1993) reported that corn prices, feed conversion, 
and daily gain explained 93 to 94% of the variation in steer finishing cost of gain. Feed 
conversion ratio independently accounted for 72% of the total 76% of variation explained by 
the estimated model of prediction of cost of gain ($/kg). Year born contributed 3% and mainly 
represents the difference in initial weights among years. The remaining variation was explained 
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by HCW. Tatum et al. (2012) showed that carcass-based G:F was the primary determinant of 
cost of carcass-based gain (P < 0.01) and the single most important contributor to differences in 
net return per animal (P < 0.01). 
Walter and Hale (2011) reported that cattle placed in the high profit profile group came 
in the lightest, finished the heaviest, and hence had the greatest ADG. Those cattle also had the 
higher percentage of cattle in the choice or better quality grade category. A standard veterinary 
fee was applied to all animals in this study to represent all processing and health costs. Previous 
research has shown that a ten percent change in veterinary costs or loss, even when added 
together resulted in the least important profit determinant (Pritchard, 1999). Pritchard (1999) 
noted that these costs can vary greatly among cattle groups, but that a ten percent 
improvement above the average in health costs may cost more than it is worth. Pyatt et al. 
(2005) also concluded that health costs contributed only a minor amount of cost.  
Implications 
 Most or all of the variation could be explained with performance, carcass, and feed 
efficiency characteristics for the chosen economic values. The model for carcass value explained 
96% of the variation among carcasses and included HCW, MS, and yield grade. Average daily 
gain, marbling score, yield grade, DMI, HCW, and year born constituted 81% of the variation for 
the prediction equation for profit. Variation in cost of gain was mainly explained by ADG and 
DMI. When performance values were excluded and feed efficiency values entered into the 
stepwise regression, FCR primarily explained cost of gain. This makes utilizing FCR appealing to 
the feedlot operator who has already purchased the weight. In order to lower feed costs, DMI 
must be lowered. This lowering of DMI would also aid in the increase in profitability. Residual 
gain became an important independent variable upon the exclusion of other performance 
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measures in the explanation of the variation of profitability. Residual gain and marbling made 
up 54% of the 73% variation in profitability explained from the chosen variables.  
These models represent the relative importance of factors contributing to economic success in 
feedlot cattle. Factors may change based on management practices and environment of the 
feedlot as well as the biological type of cattle.
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Tables 
  
Table 4.1 Composition of finishing diets, % DM and cost 
Item Diet Cost DM basis ($/kg) 
High moisture morn 40 0.27 
Wet corn gluten feed 40 0.15 
Ground stalks 5 0.16 
Corn silage 5 0.20 
By-product supplement 10 0.32 
   Ground corn 89.16  
   Urea 0.29  
   Limestone 7.27  
   Rumensin 801 0.17  
   Tylan 402 0.14  
   Salt 1.12  
   Copper sulfate 0.06  
   Vitamin A, D, E3 0.11  
   Liquid fat 1.68  
Diet cost $/kg  1.10 
Calculated Analysis   
CP, % 13.57  
NEg, Mcal/kg 1.42  
Ca, % 0.67  
P, % 0.87  
1 Rumensin 33 g/1000 kg 
2 Tylan 11g/1000 kg  
3 Vitamin A=363 IU/kg, vitamin D=36 IU/kg, vitamin E=5 IU/kg 
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Table 4.2 Current average1 grid premiums and discounts ($/45.4 kg)23  
Item 1 2A4 2B4 3 4 5 
Prime 21.04 19.34 19.19 17.22 5.45 -2.95 
Average Choice 6.66 4.96 4.81 2.84 -8.93 -17.33 
Choice 3.82 2.12 1.97 0.00 -11.77 -20.17 
Select -4.37 -6.07 -6.22 -8.19 -19.96 -28.37 
12011 (USDA, 2012) 
2Average dressed beef price: 155.61/45.4 kg 2011 (USDA, 2012) 
3Hot carcass weight discounts: 182-226 kg, -$36.84; 227-249 kg, -$22.68; 250-272 kg, -$2.31 kg 
42A=2.00-2.49 yield grade, 2B=2.50-2.99 yield grade 
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  Table 4.3 Raw mean performance and phenotypic SD for the 736 steers in the genetic 
analysis 
Item Mean SD Minimum Maximum 
Initial BW, kg 367 63 175 573 
Initial BW1, kg 280 29 188 362 
Final BW2, kg 562 58 372 776 
Metabolic BW, kg 100 8 72 129 
ADG, kg/d 1.75 0.28 0.74 2.56 
DMI3, kg/d 9.65 1.36 5.68 13.65 
HCW, kg 350 37 230 481 
Backfat, cm 1.37 0.44 0.25 2.90 
LM area, cm2 79.48 7.19 44.65 105.61 
Marbling score4 454 88 270 789 
Yield grade 3.19 0.75 1.5 5.74 
FCR5 5.60 0.98 3.37 10.90 
Residual feed intake, kg 0.00 0.57 -1.98 2.11 
Residual BW gain, kg 0.00 0.17 -0.83 0.52 
Residual intake and BW gain 0.00 1.69 -6.31 4.63 
Feed costs, $/d  1.97 0.28 1.16 2.79 
Cost of gain, $/kg 1.11 0.19 0.68 2.82 
Carcass value,$/steer 1398 148.67 793.46 1870 
Profit, $/steer*d-1 26.24 81.49 -256.93 253.98 
1Initial BW based on days of age, not used for any further calculations 
2Final weight = hot carcass weight*0.62 
3DMI standardized to 12.45 ME/kg DM 
4400 = Low Choice, 500 = Average Choice, 600  = high choice  
5Feed conversion ratio expressed as feed:gain 
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Table 4.4 Simple linear correlations among variables 
 DMI1, 
kg/d 
LM 
area, 
cm2 
HCW, 
kg 
MS2 Yield 
Grade 
FCR3 RFI4 RG5 RIG6 
ADG, kg/d 0.54* 0.23* 0.54* 0.15* 0.35* -0.64* 0.00 0.67* 0.40* 
DMI1, kg/d  0.15* 0.57* 0.27* 0.43* 0.26* 0.45* 0.00 -0.27* 
LM area, 
cm2 
  0.48* 0.00 -0.34* -0.7* -0.12* 0.21* 0.20* 
HCW, kg    0.32* 0.51* -0.06 0.00 0.16* 0.09* 
MS2     0.41* 0.06 0.03 -0.03* -0.09* 
Yield Grade      -0.02 0.14* -0.08* -0.13* 
FCR3       0.37* -0.71* -0.64* 
RFI4        -0.42* -0.84* 
RG5          0.84* 
* P < 0.05  
1 DMI standardized to 12.45 ME/kg DM 
2 Marbling score; 400 = Low Choice, 500 = Average Choice, 600  = high choice 
3Feed conversion ratio (feed:gain) 
4Residual feed intake 
5Residual BW gain 
6Residual intake and BW gain 
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 Table 4.5 Relationship of profit and feed efficiency measures 
Item Cost of gain ($/kg) Feed costs 
($/kg*d-1) 
Carcass value 
($/steer) 
Profit ($/steer) 
 β1 β1 β1 β1 
Feed conversion ratio (Feed:Gain)  0.19 ± 0.004 0.02 ± 0.01 -18.74 ± 6.66 -46.02 ± 3.07 
Residual feed intake, kg  0.11 ± 0.009 0.21 ± 0.009 NS -28.04 ± 4.83 
Residual BW gain,kg -0.64 ± 0.02 0.04 ± 0.04 132.74 ± 29.76 231.16 ± 13.82 
Residual intake and BW gain -0.06 ± 0.002 -0.04 ± 0.004 9.31 ± 3.10 19.80 ± 1.68 
NS = Not Significant P > 0.05  
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Table 4.6 Economic value of a 10 percent improvement in feed efficiency 
Item Cost of gain, 
$/kg 
Feed costs, 
$/kg*d-1 
Carcass 
value, $/steer 
Profit, 
$/steer 
Feed conversion ratio1 -0.14 ± 0.003 -0.02 ± 0.008 14.11 ± 5.00 34.65 ± 2.31 
Residual feed intake -0.05 ± 0.004 -0.09 ± 0.004 NS 11.47 ± 1.98 
Residual BW gain  -0.09 ± 0.003 0.005 ± 0.005 17.92 ± 4.02 31.21 ± 1.87 
Residual intake and BW 
gain 
-0.07 ± 0.002 -0.04 ± 0.004 10.15 ± 3.38 21.66 ± 1.84 
1Feed to gain 
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Table 4.7 Regression of performance and carcass measurements on carcass value ($/steer) 
Item Estimate SE Partial R2  
Intercept -540.38 30.22  
HCW, kg 3.84  0.04 0.8598 
Marbling score 1.57 0.11 0.0341 
Yield grade1 -26.11 1.63 0.0458 
Yield grade 129.71 11.26 0.0099 
Marbling score1 -0.001 0.0001 0.0069 
Model R2   0.9564 
1Quadratic Term 
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Table 4.8 Regression of performance and carcass measurements on profit ($/steer) 
Item Estimate SE Partial R2  
Intercept 20064 3229.59  
ADG1, kg/d 57.60 2.04 0.3973 
Marbling score 1.57 0.127 0.1307 
Yield grade1 -23.19 1.92 0.0905 
Yield grade 115.39 13.25 0.0577 
DMI12, kg/d -1.26 0.07 0.0425 
HCW, kg 3.77 0.50 0.0489 
Marbling score1 -0.001 0.0001 0.0239 
Year born -10.70 1.61 0.0128 
HCW1, kg -0.004 0.0007 0.0094 
Model R2   0.8136 
1Quadratic Term 
2DMI standardized to 12.45 ME/kg DM 
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Table 4.9 Regression of performance and carcass measurements on cost of gain ($/kg) 
Item Estimate SE Partial R2  
Intercept 43.87 7.34  
DMI2, kg/d 0.12 0.003 0.5408 
ADG, kg/d -1.45 0.10 0.2420 
HCW, kg -0.001 0.0001 0.0257 
ADG1, kg/d 0.24 0.03 0.0245 
Year Born -0.02 0.003 0.0171 
Model R2   0.8501 
1Quadratic Term 
2DMI standardized to 12.45 ME/kg DM 
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Table 4.10 Regression of performance and carcass measurements on feed costs ($/steer*d-1) 
Item Estimate SE Partial R2  
Intercept 0.00 0.00  
DMI2, kg 0.20 0.00 1.00 
Model R2   1.00 
1Quadratic Term 
2DMI standardized to 12.45 ME/kg DM 
127 
 
  
Table 4.11 Regression of feed efficiency and carcass measurements on carcass value ($/steer) 
Item Estimate SE Partial R2  
Intercept -540.38 30.22  
HCW, kg 3.84  0.04 0.8598 
Yield grade1 -26.11 1.63 0.0458 
Marbling score 1.57 0.11 0.0341 
Yield grade 129.71 11.26 0.0099 
Marbling score1 -0.001 0.0001 0.0069 
Model R2   0.9564 
1Quadratic Term 
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Table 4.12  Regression of feed efficiency and carcass measurements on profit ($/steer) 
Item Estimate SE Partial R2  
Intercept 21410 33390  
RG, kg 118.97 13.85 0.2555 
Marbling score 1.88 0.15 0.2475 
LM area, cm2 3.15 0.27 0.0907 
FCR2 5.42 0.83 0.0527 
Marbling score1 -0.002 0.0001 0.0410 
Year born  -10.92 1.39 0.0206 
FCR12 -92.88 10.80 0.0134 
HCW, kg 0.32 0.06 0.0130 
Model R2   0.7343 
1Quadratic Term 
2Feed conversion ratio (feed:gain) 
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Table 4.13  Regression of feed efficiency and carcass measurements on cost of gain ($/kg) 
Item Estimate SE Partial R2  
Intercept 63.20 6.86  
FCR2 0.29 0.02 0.7081 
Year born -0.03 0.003 0.0281 
HCW -0.0007 0.0001 0.0157 
FCR12 -0.009 0.001 0.0081 
Model R2   0.7600 
1Quadratic Term 
2Feed conversion ratio (feed:gain) 
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